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Front cover 

The picture shows the 
voltmeter function, PCV, 
of the Multifunction Mea- 
surement Card for PCs in 
action. The two basic 
measurement functions 
offered by the card, a volt- 
meter and a frequency 
/pulse meter, are fre- 
quently required in the 
electronic workshop or 
laboratory, but not com- 
monly implemented on a 
PC. At least, not at the ac- 
curacy achieved by this 
card: the voltmeter and 
the frequency meter have 
the remarkable precision 
of 12 bits and 6 digits re- 
spectively, which is up to 
par with the specs of 
much more expensive (in- 
dustrial) products. 

On the EGA monitor you 
can see the colourful PCV 
menu, which offers a host 
of features for multi-chan- 
nel multiplexed measure- 
ments, auto-calibration 
and range settings. The 
large voltmeter indication 
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will be familiar to readers 
who have already digested 
Part | of the relevant arti- 
cle (don't worry if you 
don't get the meaning of 
1.91). 

In forthcoming issues, we 
intend to publish a num- 
ber of practical applica- 
tions of the system, 


APOLOGIES 
We regret that, owing to circumstances 
beyond our control, it was not possible to 
include the following in this issue: The 
complete preamplifier Part 2 : 6.0 MHz TV 
sound demodulator; PC-controlled 
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COMPUTER SYSTEM WILL 
HANDLE 36 LANGUAGES 
NEW £3.2 million British computer 
system, to be introduced later this year, 
will handle the texts of all BBC World Ser- 
vice broadcasts—in 36 languages. 

When fully operational, the 930-screen 
system developed by Basys International 
will link all newsroom and program-making 
departments both in London and elsewhere 


in the UK. Full advantage will be taken of 


state-of-the-art optical-fibre technology to 
link parts of the system, 

World service currently broadcasts 785 
hours of programmes every week and its 
round-the-clock newsroom produces more 
than 200 programmes daily. 

BBC International. PO Box 76, Bush 
House, Strand. London WC2B 4PH. 


GERMANY WILL USE BRITISH 
PAY PHONES 
ERMANY is to use British equipment 
for its new nationwide system of pay- 
phones operated by credit card. A field trial 
has already been carried out at Frankfurt, 
Diisseldorf, Munich and Hamburg airports 
and as a result of its success, Deutsche Bun- 
despost Telekom—DB P—will now extend 
the service throughout Germany using credit 
card payphones and other equipment sup- 
plied by GEC Plessey Telecommunications 
(GPT). The GPT phones will accept all 
major credit cards. 
GEC Plessey Telecommunications Ltd, 
PO Box 53. Coventry CV3 IHJ. 


NEW SPONSORSHIP DEAL AND 
PROGRAMME FOR YEDA 
HE trustees of the Young Electronic De- 
signer Awards (Y EDA) have announced 
that Mercury Communications have become 
joint sponsors of YEDA. Texas Instruments 
have sponsored the scheme for the past five 
years and had guaranteed YEDA’s survival 
into 1991. The new joint sponsorship ar- 
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ELECTRONICS SCENE 


Nicholas Mason demonstrating his electronic 
musical instrument for the disabled to Lucy 
Moore of Mercury Communications. Nicholas, a 
prize winner in the 1989 Young Electronic De- 
signer Awards, is a former pupil of Sanden 
School, Chelmsford, and is going to Surrey Uni- 
versity later this year. 


rangements provide long-term security for 
YEDA. 

Following the regional judging now tak- 
ing place. the finals of YEDA 1991 will be 
on Wednesday, April 3, at the Science Mu- 
scum in South Kensington, London. 

The YEDA Trust, 24 London Road. Hor- 
sham, West Sussex RH1I2 LAY. 


INMARSAT-2 SATELLITE UP 
- AND RUNNING 
NMARSAT-2, the new commercial global 
mobile communications satellite, launched 
from Cape Canaveral, Florida, last October, 
is In geostationary orbit. Early operations on 
the satellite have gone so well that command 
of the spacecratt was handed over from the 
Centre National d'Etudes Spatiales (CNES) 
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to Inmarsat's satellite controllers ahead of 
schedule. The French agency in Toulouse per- 
formed the initial manoeuvres and checks on 
the satellite. 
Inmarsat, 40 
NW 1 2EQ. 


Melton Street, London 


BRITISH AND RUSSIAN CHILDREN 

COMMUNICATE BY COMPUTER 

IRECT computer links have been estab- 

lished between schoolchildren in Britain 
and Russia. The first link is between the 
Moorside High School at Werrington. Stoke- 
on-Trent, and a school in Moscow. and is now 
being used by pupils to discuss world envi- 
ronmental problems. 

The aim is to set up a forum so that com- 
puter equipment suitable for educational use 
ean be exchanged and marketed in each coun- 
try. In doing so, itis hoped a mechanism will 
be created to allow students and teachers in 
the UK and Russia to communicate not only 
in both languages. but ona variety of subjects. 


EASIER RADAR TESTING WITH 
TRANSPORTABLE SYSTEM 

OMPLEX radar signals can now be 

tested by a transportable system from 
Racal Instruments. Described as the world's 
first microwave radar test system. it simplifies 
the analysis of radar signals that until now has 
needed a large and expensive automalic test 
equipment (ATE) system. 

Housed in a high-performance low-noise 
and fully screened VXI chassis, the system ts 
built around a new instrument known as a 
VXI Time [Interval Analyser. The analyser al- 
lows a combination of high-resolution con- 
tinuous measurements with simultaneous 
data collection. It can measure pulse width, 
pulse repetition frequency (PRF) and rise and 
fall time in addition to identifying spurious 
signals. It can also identify signatures and 
paramemeters of coded radar waveforms. 

Racal Instruments Ltd, 480 Bath Road, 
Slough, Berkshire SL1 6BE. 
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ANGLO-GERMAN MERGER WILL 
CREATE US GIANT 
PLAN to merge Stromberg-Carlson 
Corporation, a member of the GEC Plessey 
Telecommunications Group, and Siemens 
Communication Systems in the USA willcre- 
ate North America's third biggest public net- 
work supplier of telecommunication equip- 
ment. 

The new company will operate as Siemens 
Stromberg-Carlson and involve 4.000 work- 
ers located in manufacturing sites in Florida. 
Arizonaand New Mexico. Together, they will 
design, develop, produce and market com- 
puterized public telephone switches, packet 
switching and transmission systems. 

GEC Plessey Telecommunications Ltd. 
PO Box 53, Coventry CV3 THI. 


SMART ANTENNAS PROMISE 

IMPROVED COMMUNICATIONS 

MART antennas that can sense and adapt 

automatically to their electromagnetic en- 
vironment have evolved rapidly in recent years 
primarily because of advances in digital sig- 
nal processing technology. 

This type of antenna will play a vital role 
ina wide range of future communications sys- 
tems caused by the growing need for improved 
performance in an increasingly congested 
electromagnetic environment and the pres- 
sure for low-cost solutions in a sophisti- 
cated consumer market. To assist organiza- 
tions involved in the development and pro- 
vision of communication services to deter- 
mine the potential of smart antennas, ERA 
Technology is launching a programme of 
applied research and technology transfer di- 
rected at the exploitation of smart antenna 
technology for future communications. 

ERA Technology Ltd, Cleeve Road, 
Leatherhead, Surrey KT22 7SA, 


ELECTRONICS SCENE 


8-Megabit 
Flash PROM 


8-MEGABIT FLASH EPROM FROM 
WHITE 

HITE Technology's new WF-1024K8- 
150 hybrid is an 8-megabit flash EPROM 
module in a 34-pin sealed metal package 
that is believed to be the smallest available 
holding that much memory. The device is built 
with eight | Mbit CMOS flash memories 
assembled on a thick-film substrate. This 
provides a non-volatile storage of | Mbytex8. 
Details from White Technology Inc.,4246 

E. Wood Street, Phoenix. Arizona 85040, 


10-PATENT MAN IS INVENTOR 
OF THE YEAR 

TEPHEN Ferguson, an advanced-systems 

manager with GEC Plessey Telecommunica- 


tions (GPT), has been named Inventor of 


the Year (1990). 

The annual award, given by GPT, recog- 
nizes Mr. Ferguson as one of the leading ex- 
ponents of the Synchronous Digital Hierarchy 


(SDH). This isa sophisticated method of com 
bining telecommunications traffic for trans- 
mission in a network in such a way that it 
can be rerouted and portions may be repack- 
aged with greater flexibility. This has the 
advantage of giving network operators bet- 
ter use of their resources and provides a flex- 
ible infrastructure for new services. 

The Inventor of the Year award is aimed 
at stimulating awareness of intellectual prop- 
erty and encouraging engineers to protect their 
patents. Judging is based on innovative merit 
and potential value of patents during the 
award year. 

Among the early achievements of Mr 
Fergusonatter joing GEC Telecommunications 
as a graduate trainee in 1967 was the devel- 
opment of noise reduction methods that im- 
proved the quality of communication over 
high-capacity links. Over the years, Mr Ferguson's 
work has led to the registration of 10 patents. 

GEC Plessey Telecommunications, PO 
Box 53, Coventry CV3 1HJ. 


ELECTROCOMPONENTS PLC 
N spite of depressed market conditions 
and exports being adversely affected by the 
Gulfcrisis, Electrocomponents PLC, owners 
of, among others, RS Components, Misco, 
Verospeed and Mesa, have experienced con- 
tinued growth over the 12 months to September 
last. Operating in most of Europe, North 
America and Australia, with a sales turnover 
of close to £400 million, the group claims to 
be the largest electronic component retailer 
and mail order business in Europe. Through 
Verospeed, it has operations in France and 
Austria, while RS Components is about to 
commence operations in Frankfurt, 
Electrocomponents PLC, 21 Knightsbridge, 
London SW LX 7LY. 
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IEE AND TEEIE PROGRAMME 

| February—Expert systems and safety. 

4 February—Civil applications of sonar sys- 
lems. 

5—7 February—62nd Faraday Lecture. 

6 February—Processing for securily. 

7 February—Multimedia communications 
and applications. 

7 February—Enhanced and widescreen PAL. 

8 February—The teaching of software engi- 
neering. 

| 2 February—Neural networks: design tech- 
niques and tools. 

13 February—New developments in pulsed 
power technology. 

14 February—8&th Computing and Control 
Lecture. 

15 February—Recent advances in broad- 
cast TV cameras 

18 February—Analogue to digital convert- 
ers. 

18 February—Planning for integrated ser- 
vices digital networks, 

20 February—Professionalism in engineer- 
ing design: European perspectives. 


22 February—Replacement of old and un- 
reliable cables, 

27 February—Investing with confidence in 
robotics. 

27 February—Future mobile radio trunking 
and data systems. 

27 February—Image communication in the 
car of the future. 

28 February—The significance of accuracy 
of calibration in industry. 

Information on these, and many other, events 

may be obtained from the IEE, Savoy Place, 

London WC2R OBL, or the IEEIE, Savoy Hill 

House, Savoy Hill, London WC2R OBS. 


The following exhibitions have been orga- 

nized by Blenheim. 

6-8 February—Mapping awareness (com- 
puter systems) at the Olympia Exhibition 


Centre, London. 
12-15 February—PC forum at the Porte de 
Versailles, Paris. 
12-15 February—Telecom network ‘90 at 
the Porte de Versailles, Paris. 
The date and venue of the Microtex exhibi- 
tion have yet to be confirmed 
Full details may be obtained from Blenheim 
Exhibitions Group, Blenheim House, 137 
Blenheim Crescent, London W11 2EQ, tele- 
phone 071 727 1929, 


Two important events in the ERA Technology 

calendar are: 

13-14 February—6th annual conference and 
exhibition on electromagnetic compati- 
bility (EMC) at the Heathrow Penta Hotel. 

26-27 February—Electrical power utiliza- 
tion: how to achieve system performance, 
This conference and associated exhibition 
will take place at the Heathrow Penta 
Hotel. 

Details from ERA Technology, Cleeve Road, 

Leatherhead, Surrey KT22 7SA. 
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ENCYCLOPEDIA OF ELECTRONICS 
Second edition 

Edited by Stan Gibilisco and Neil Sclater 
ISBN 0 830 633 898 

960 pages - 285x225 mm 

Price £65.95 (hard cover) 

This is a ‘big book in every sense of the 
word and it remains the best single-source 
reference available for anyone interested in 
electronics. This new edition has been revised 
extensively to take account of the fast pace 
at which electronics is proceeding. New en- 
tries include artificial intelligence; surface- 
mount technology; compacts discs; fax ma- 
chines: high-definition TV; communication 
satellites; superconductivity; local area net- 
works: and many more. 

The work is not confined to clectronics, 
but also includes concepts in physics, math- 
ematics, computer science, chemistry, and 
other subjects that relate to electronics. 

Subjects are arranged alphabetically and 
accurately cross-referenced and indexed, 
which makes finding what youre looking 
for very easy indeed, 

The book's reputation rests on that of the 
co-editors. Stan Gibilisco is the author or 
co-author of several other distinguished ref- 
erence works, including the /listrated Dictionary 
of Electronics (reviewed in the October 1988 
issue of Efektor Electronics) and the International 
Encyclopedia of Integrated Circuits. 

Neil Sclater, an electronics engineering 
consultant, has written dozens of feature ar- 
ticles forsuch publications as Communications 
News. Control Engineering, Design Engineering, 
and many others. He is the author of two other 
books, Electrostatic Discharge Protection for 
Electronics, and Gallium Arsenide IC 
Technology. 

We cannot but recommend the new 
Encyclopedia of Electronics to every elec- 
tronics enthusiast: this important work should 
be available inall colleges. polytechnics, uni- 
versilies and general libraries. 

MeGraw-Hill Book Company, Shoppenhangers 
Road,Maidenhead, Berkshire SL6 2QL. 


PRACTICAL MIDI HANDBOOK 
Second edition 
by R.A. Penfold 
ISBN 1 870775 139 
160 pages - 216x138 mm 
Price £6.95 (soft cover) 
This new edition of the Practical MIDI Handbook 
is, like its predecessor (reviewed in the September 
1988 issue of Klektor Electronics) aimed pri- 
marily at musicians, enthusiasts and techni- 
clans who want to exploit the vast capabilt- 
ties of MIDI, but who have no previous 
knowledge of electronics or computing. 
The larger part of the book is devoted to 
an explanation of what MIDI can do and 
how to exploit it to the full, with practical 
advice on connecting up a MIDI system and 
getting it to work, as well as deciphering the 
technical information in those equipment man- 
uals. 
The second edition has been updated to in- 
clude information on standard MIDI files and 
to cover recent developments in sequencers 
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NEW BOOKS 


as well as the multimode and other features 
recently implemented by some synthesizer 
manufacturers. 
PC Publishing, 4 Brook Street, Tonbridge, 
Kent TN9 2PJ. 


PRINCIPLES OF TRANSISTOR CIRCUITS 
Seventh edition 

by S.W. Amos 

ISBN 0 408 04851 4 

351] pages - 215x130 mm 

Price £16.50 (soft cover) 

Although the use of integrated circuit circuits 
has become all encompassing since the pre- 
vious edition of this book, there is still a 
role for discrete transistors. particularly where 
appreciable power output or high-voltage op- 
eration is required. Discrete transistors are 
also likely to be used in experimental work 
and in the early stages of design of an elec- 
tronic equipment. 

Like its predecessors, this book deals in 
detail with the design of amplifiers. receivers 
and digital circuits that use discrete compo- 
nents, but the text has been updated through- 
out. Some dated material has been removed, 
while a number of old circuits diagrams have 
been replaced by modern ones. 

A number of useful appendices provide 
information on tranmsistor manufacture and 
parameters. 

The work should be of great interest to 
the student of electronic/electrical engineer- 
ing (it has already been adopted as a stan- 
dard course book by many technical col- 
leges) and to the serious enthusiast. 
Butterworth-Heinemann, Westbury House, 
Bury Street, Guildtord GU2 5BH. 


HIGH-FREQUENCY SWITCHING POWER 
SUPPLIES - Second edition 
by George C. Chryssis 
ISBN 0 07 010951 6 
287 pages - 235x155 mm 
Price £39.95 (hard cover) 
Virtually every section of the new edition of 
this important book has been revised and 
expanded to obviate any guesswork in the en- 
gineer's analysis and design of modern switch- 
ing power supplics. There is a mass of work- 
ing information and ready-to-use diagrams 
for designing effectively in all phases— 
from input to output, transformer design, con- 
trol ICs and switching elements. 

Formulas and related information cover 
a vast area, including advances in magnetic 
amplifiers, new topologies for operation 
over 100 kHz, resonant converters, syn- 
chronous rectifiers, bipolar transistors and 
MOSFETs, PWM control ICs, output su- 
pervisory circuits, feedback loop stability 
analysis, the EMI-RFI problem and power 
safety standards. 
McGraw-Hill Book Company. Shoppenhangers 
Road, Maidenhead, Berkshire SL6 2QL. 


A CONCISE INTRODUCTION TO 
EXCEL 

by N. Kantaris 

100 pages, soft cover, illustrated 
ISBN 0 85934 2247 

Price: £3.95 

Excel is MicroSoft’s renowned product 
in the field) of PC — spreadsheet 
production. A spreadsheet is today’s 
businessman's way of presenting data on 
cost, production, turnover, etc, with the 
aid of tables and charts, With the size of 
today’s electronics market in mind, an 
increasing number of employees in the 
industry will require some understanding 
of commercial aspects, Whence the need 
to be familiar with the basics of 
spreadsheets. 

This book, though rightly called an 
introduction, covers all aspects of 
spreadsheet production using Excel, 
from data entry, sorting and database 
management to printing sophisticated 
pie and bar charts that bring otherwise 
boring numbers alive. The book covers 
Excel versions 2.0 and 2.01(C), running 
as a single application, or under 
Windows version 2.0, 386 or 3.0, The 
screendumps in the book, the many 
examples, and the clear didactic 
structure of the chapters cover all the 
main features ot Excel. 


AN INTRODUCTION TO AMATEUR 
SATELLITE COMMUNICATIONS 
SATELLITES 

by A. Pickard 

102 pages, soft cover, illustrated 
ISBN 0 85934 235 2 

Price: £3.95 

Few people seem to be aware of the fact 
that radio amateurs have played an 
important role tn the history of satellite 
communications. In this day and age of 
satellite TV and transatlantic telephone 
conferencing, communication via a 
non-geostationary satellite designed, 
operated and ‘flown’ by the joint effort 
of scientists and radio amateurs is still a 
fascinating hobby. 

Mr. Pickard’s book has all the 
background information on low-orbiting 
communications satellites that can be 
received with fairly simple means, 
concentrating mostly on the UoSat, 
NOAA and = MeteoSat (which — is 
geostationary), which transmit in the 137 
and 1690 MHz bands. Equipment is 
outlined, and a good = introduction 
presented on the way satellites can be 
tracked during the ‘low’ part of their 
orbit. 


Bernard Babani (publishing) Ltd. 
The Grampians, Sheperds Bush Road, 
LONDON W6 7NF 
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MULTIFUNCTION MEASUREMENT 
CARD FOR PCs 


PART 2: CONSTRUC 


SPTWARE AND 


Following last month’s formal description of the operation of the 
measurement card, many of you will be keen on tackling the more 
practical side of things. In this second and final instalment we 
concentrate mostly on the construction, which is fairly easy, and on 
the powerful, menu-driven control software package that brings the 


J. Ruffell 


Reorienting 


Having digested all the information on the 
design and operation of the measurement 
card presented in last month’s instalment, 
we can now start to look at the construction 
of the unit. As shown im the photograph of 
our prototype, the printed-circuit board is 
fitted with a support bracket of the type used 
in PCs to secure insertion cards to a frame at 
the rear side of the computer. The PCB ac- 
commodates four connectors used for the 
various types of measurement. The upper 
two connectors, Ki and K3, are for the anal- 
ogue measurements, while the lower one, 
K2, forms the protected digital input for fre- 
quency and pulse measurements. The other 
digital inputs are provided on connector Ko, 
which is located next to the two PPIs (8255s) 
on the left-hand part of the PCB. Between 
connectors K2 and K3 we find LED D4, an in- 
dicator which that lights during the gate 
time when measurements are carried out on 
digital signals. 

The lower edge of the PCB has the famil- 
iar PC extension bus connector, which con- 
sists of gold-plated contact fingers. To the 
top, at the right, we find the three multiturn 
presets, P1, P2 and P3, and switch 51. As will 
be detailed later, these components play an 
important role in the adjustment of the card. 
During the adjustment, the switch is used to 
generate two calibration signals. The two 
PCB solder pins to the right of Ps (marked 
‘adj.’) form an adjust output, which is used 
during the alignment of the ADC only. 


Building the card 


The track layouts and the component 
mounting plan of the printed-circuit board 
are given in Fig. 3. As a matter of course, this 
PCB is double-sided and through-plated. 
Having noted that the PC bus extension con- 


card alive on your PC. 


Resistors: 


+. 10Q R1 (see text) 
2 13kQ 1% R2;R4 
2° 6kQ19: 1% R3;R5 
* see text R6-R19 
2° 22kQ2 R20;R34 
1 24kQ3 1% R21 
+ 1kQ01% R22 
1 °280Q21% R23 
1 958321% R24 
4° 8k209 1% R25 
5. 10kQ 1% R26;R39~R42 
1 32kN4 1% R27 
4 410kQ 1% R28 
1. 453kQ 1% R29 
4. 22MQ R30 
1 ~523kQ 1% R31 
1 487kQ21% R32 
1. 10kQ R33 
3. 3300 R35;R37;R38 
1.1602 R36 
4 2MQ2 R43 
4.8200 R44 
3° 500 multitum preset. P1;P2:P3 


Capacitors: 
5. 100nF ceramic C1:C4;C7;09;C10 
2. 47pF 25Vtantalum C2;C8 
o¥.10 uF 25V tantalum = C3 
2. 56pF C5;C6 
7. 22nF ceramic C13;C14; 
Ci9—C22:040 
2 470nF 63V MKT C14:Ci2 
“8 47uF 16V radial C15-C18; 
C23-C26 
7 -00nF C27-C32:042 
7 -optional; see text C33-C39 
Y 470nF Cai 
4. InF C43 
3°..400nF ceramic SMD ==C-44-C46 
1 10uF 25V tantalum C47 


Semiconductors: 
3° BAT85 (PC) 
22° 1N4148 


D1;D5;D6 
D2;D3 


COMPONENTS LIST 


1 LEDred3 mm D4 

2° TL431CLP (TI) D7;D8 

1 BC557B Tt 

1 74HCT245 C1 

+ 74HCT240 IC2 

1 74HCT244 IC3 

1 AD7572AJNO03 (AD) IC4 

1 74HCT08 ICS 

3 74HCT74 1C6;1C19;IC20 
1 PAL 16L8(ESS561) ~IC7 -: 

1. 74HCTO02 Ics 

1 OP200 (PMI} ic9 

2 74HCT4051 1C10;1612 
1. TLO2652'(Ti) ic11 

2 82C55 {;UMC) 1O13;1044: 
1 74HCT86 C15 

1 74LS292 1016 

1  79L08 1017 

1. 74HCT153 iC18 

1 £87060 (LSI) 1C21 

1° 74HCT151 IC22 

1 78L08 1C23 
Miscellaneous: 


1 . 10-MHz oscillator block 

2 PCB-mount phono socket 

1... 16-way box header with K3 
angied pins eee 
26-way box header K6 


j 
1. SPDT slide switch bs Reece 
1. 4MHz quartz crystal x1 
1. PC card support bracket 
BICC-Vero type G99. 


1 printed circuit board ... 


Manufacturer codes: 

Tl = Texas Instruments 

PMI = Precision Monolithies Ine. 
PC = Philips Components 
} = Intel 

UMC = Umited MicroElectronics Com ive 
LSt= LS} Computer Systems inc. 
AD = Analogue Devices 
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nector is gold-plated for optimum contact 
with the slot connector in the PC, you will 
agree that is hard, if not impossible, to pro- 
duce this PCB yourself and match the quality 
of the one supplied ready-made. 

It is recommended to use thin solder tin, 
and a low-power solder bit with a very fine 
tip. Those of you confident of their soldering 
skills may want to do without IC sockets in 
the analogue section of the circuit (the anal- 
ogue section essentially consists of the ADC, 
the two multiplexers and the three associ- 
ated opamps). In practice, it is often found 
that soldered connections are better than (in- 
expensive) IC sockets, which tend to develop 
bad contacts, If you are hesitant about solde- 
ring the (fairly expensive) components in the 
analogue section, consider the use of IC soc- 
kets with turned pins, 

Overall, the construction of the card is 
simple and straightforward if you follow the 
parts list and the component overlay printed 
in white on the PCB, One area that deserves 
special attention, though, is the decoupling 
of the ADC chip. To enable the ADC to 
achieve the specified accuracy, it requires 
decoupling capacitors that are fitted as close 
as possible to the IC. [f the decoupling is in- 
adequate, a number of the lower significant 
bits are not stable, making the measurements 
unreliable, From the PCB Jayout it is seen 
that the ADC chip is fitted with three sur- 
face-mount assembly (SMA) decoupling ca- 
pacitors, C44, C4s and C4o, which can be 
mounted very close to the IC because they 
have no leads. Tt should noted that C44 is 
mounted only when the -A type ADC is 
used. A further decoupling capacitor, C47, is 
a tantalum bead type mounted at the solder 
side (ie., the non-component side) of the 
board. 

The special decoupling of the ADC, 
together with the filter function of the soft- 
ware, ensures that the measurement results 
are degraded only by the +1-bit error of the 
LSB (east-significant bit). As discussed last 
month, this error occurs in all analogue-to- 
digital conversion processes, and can not be 
eliminated. 

The final accuracy of the frequency meas- 
urement is basically achieved by the soft- 
ware, which has a filter function that builds 
the actual measurement value from up to a 
thousand measurement results obtained 
from very fast sampling. By evaluating all 
these measurement results, the software is 
capable of eliminating errors caused by, say, 
a small spike, or random interference. 

Jumpers JP2 to JPs need not be fitted as 
yet, because the software will also function 
without hardware interrupts implemented. 
As detailed last month, jumper JP1 sets the 
base address of the card. Install it as re- 
quired, with reference to Table 1. 

Jumper JPe must be set to position C 
when the on-board 10-MH~ oscillator is 
used. Position 1 is used when an external 
reference oscillator is connected. The func- 
tion and use of jumper JPtu is discussed later 
in connection with the adjustment of the 
ADC. 

Depending on the desired measurement 
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Component overlay of the double-sided, through-plated printed circuit board. 


16) COMPUTERS AND MICROPROCESSORS 


This project is supported by two item 
in the Elektor Software Service (ESS) 
range: pore 
* adiskette, order number 1461, con 
taining. the: control program. (M! 
DOS format,.5 14-inch, 360. k); 
+a ready-programmed PAL type 16L8 
“(IC7), order number 561. ag 


s—|e-0 For prices and. details on ordering | 
Ogegauag f 9 
eo 8 9 6646/6 


o 


these products, please refer to. the. 
Readers Services page elsewehere in 
this issue. ig 


range on multiplex channels [1 to [7, you | 
must dimension resistors Ki to Rty yourself, 
To prevent measurement errors caused by 
large ground currents, these resistors prefer- 
ably take high values. For the same reason, 
do not load the +8 V reference voltage on 
connector K3. As indicated in the circuit di- 
agram, the junction of each potential divider 
may be decoupled for alternating voltages 
with the aid of a capacitor (C33 to C34), 


Software 


Inall fairness, a piece of high-tech electronics 
like the PC measurement card is of little use 
when you have no software to control it 
properly. Fortunately, such software exists, 
and is available in a ready-to-go state on a 
diskette for all PC-XT/ AT MS-DOS compu- 
ters. 

The control program developed for the 
measurement card has been written tn Turbo 
Pascal, and uses a large number of coloured 
menus to show the various measurement re- 
sults. The software is uncritical as regards | 
the type of PC, and can be used with video | 
adapters such as the Hercules, EGA and 
VGA (not with the CGA). The software for 
the prototype card was written and success- 
fully tested on a PC-AT with a hard disk, 
640 kB of memory, MS-DOS version 3.2, and 
an EGA video card. A hard disk is not strictly 
required for the software to be used, but it | 
does offer the additional comfort of faster 
switching between parts of the program. 

If you have a hard disk, create a subdirec- 
tory for the measurement card, and copy all 
the files from the distribution floppy disk 
into this subdirectory. [f you do not have a 
hard disk, make a working copy of the dis- 
tribution disk, and store the latter safely for 
use as a back-up. Make sure that the working 
copy is not write-protected. 

The diskette supplied for the project has 
two .EXE files: PCV.EXE, which starts the 
voltmeter program, and PCF.EXE, which 
starts the program for time-related measure- 
ments. Also on the disk are a number of con- 
figuration files used by the two programs. 

Before using PCV.EXE or PCF.EXE, make 
sure that the configuration contained in § 
ADCF.CFG is correct. If you inspect this file, 3 
Fig. 3b. Track layout (mirror image) of the component side of the board. you will find that the defaults are: 


* il 
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- base address: $0300 
- reference frequency: 10 MHz, 

on-board XTO 
- maximum gate time: 410s 
- full-scale voltage: 25V 


In most cases, the default settings allow PCF 
and PCV to be used straight away, unless 
you require a change in the base address. If 
necessary, edit the ADCF.CFG configuration 
file with the aid of a (simple) word processor 
such as EDLIN, PCTools, Norton or Side- 
Kick. 


> 
! 
v 
n 
a 
0 
i) 
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PCV, the PC-controlled 
Voltmeter 


After fitting the card in the PC, leave the 
cover open as yet to provide access to the 
three multiturn presets. Run PCV, and check 
that the main menu appears (see Fig. 4). If 
the program reports that the card is not 
found, you have a problem, Not to worry, 
though: check for the correct base address in 
software (the configuration file) and in hard- 
ware (jumper JP1). [f this is all right, a section 
of the hardware may not function properly, 
or the card causes an address conflict in the 
PC. Investigate and rectify the problem be- 
fore proceeding. 

Once you are looking at the main menu, 
you may confidently embark on the adjust- 
ment of the card, The adjustment procedure 
effectively matches the software to the hard- 
ware, ruling out the effect of component 
tolerances on the measurement results. 


Adjust 

Start by selecting the ‘Adjust’ option from 
the main menu. The information presented 
by this option, shown in Fig. 5, is clear and 
allows the ADC on the card to be calibrated 


quickly and efficiently. As already men- pga OF 


tioned in part 1 of this article, channel [1 is 
eit 


used for the calibration of the ADC. There- ° 
fore, do not forget to disconnect R19, and fit of 
ab gle 
o— 
868 
° 
ee et] 
B/8/6|8/8 @ y ° 
cpovoos & . 


Ris (or, if applicable, a wire link) on the PCB. 
The program then performs the adjust rou- 
tine and provides all the instructions and 
help you need to achieve satisfactory results. 


Learn 

On completion of the ‘Adjust’ routine, return 
to the main menu. From there, select the 
‘Learn’ option to calibrate the attenuators on 
the eight analogue inputs. The ‘Learn’ rou- 
tine allows you to tell the program which at- 
tenuation is applicable at the inputs of the 
various analogue channels. The software 
automatically eliminates the tolerances in 
the ladder attenuators, and offers a number 
of options that allow you to select the anal- 
ogue channel of which the transfer function 
(i.e., the attenuation) is to be ‘learned’. As 
long as inputs [1 to I7 are not connected to 
additional attenuators, their maximum 
input voltage range is +2.5 V at a conversion 
factor of 1. Nonetheless, these inputs need to 
be calibrated to enable the program to be in- 
itialised. Fig. 3c. Track layout (mirror image) of the solder side of the board. 
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The calibration is equally important on 
channel 0, since the passive attenuator used 
here may give rise to measurement errors, 
Thatis why the program calculates the exact 
attenuation for each attenuator position. The 
switching between the attenuation factors is 
performed by multiplexer [Ci2, Attenuator 
position ‘0' corresponds to a measurement 
range in which voltages up to 0.1 V can be 
measured, The highest measurement range, 
300 V, is selected by position ‘7’. All posi- 
tions between ‘1’ and ‘7’ must be calibrated 
one by one in the ‘Learn’ routine, 

Since the results of the calibration are 
stored ina file, the software is capable of ac- 
curately determining the values of the input 
voltages every time it is used. If the attenua- 
tion changes after a while owing to ageing 
effects, the correction factors may be up- 
dated simply by running the ‘Learn’ routine. 
A further advantage of the software-control- 
led calibration is that the actual attenuator 
can be kept relatively simple, and based on 
resistor values from the E96 series, 

The ‘Learn’ option is relatively simple to 
use. Connect a test voltage of about half the 
maximum value to the relevant analogue 
input. Monitor this voltage with an accurate 
digital voltmeter (DVM). Select the ‘Edit’ op- 
tion to open a small window in which the 
value of the input voltage is entered (see 
Fig. 6), This input voltage is read from the 
DVM. Next, the software computes the con- 
version factor and the maximum input volt- 
age that may be applied to the input in this 


When all measurement ranges (and chan- 
nels) have been calibrated, the conversion 
factors may be written to a file on disk. This 
is accomplished automatically on selection 
of the ‘Update’ function. The conversion fac- 


Adjust the 12-bit ADC 


tors are stored ina file called RATIO.CFG for 
use by the program when this is started, 
After this calibration procedure, the card 
is ready for use. It is recommended to store 
the different .CFG files on a separate diskette 
for use as back-ups when, for some reason or 
other, the files on the hard disk or the work- 
ing copy of the floppy disk, are lost or cor- 
rupted (which would force you to go 
through the calibration routine again). 


PCV 

To start the PC Voltmeter, simply select the 
option ‘PCV’ from the main menu. The result 
is shown in Fig, 7: the measured value is dis- 
played in the form of large numbers on the 
screen. Below the voltage indication is a bar- 


* graph showing a corresponding value. The 
-associated menu allows a number of pref- 


erences to be set. For example, the ‘Sound’ 
option enables a short beep to be produced 
when an overflow occurs. The optional filter 
function uses an algorithm to produce an 
average measurement value on the basis of a 
large number of measurements, thus reduc- 
ing the risk of errors toa minimum, 


***s = ©6Elektor Electronics aK 


*** = ©«Copyright (C) -> 1990 *** 


146 (1, 2, 3, 4) 


the RaK 


ESS: 


pcyv 
Learn 
Adjust 
Quit 


| 
>> VL.O/IR ce | | 


Sa 


Screendump of the PCV main menu. 


Fig. 4. 
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=—=ADC ADJUST: 


Offset must be adjusted before full-scale error. This 

is achieved by applying an analogue input of 0.61 mV. So 
switch Si to position "H" and adjust P3 until the volt- 
meter reads exactly 0.61 mv. 

Now adjust Pl until the ADC output code flickers between 
1000 0000 0000 and 1000 6000 oOO01. 


range before the ADC starts to produce over- 
flows. Overflows must not occur until the 
input voltage exceeds the maximum level 
defined for the particular range. If the maxi- 
mum measurement value is not reached ina 
particular range, the relevant resistor in the 
attenuator must be made a little smaller. Lf 
this is not done, the maximum level can 
never be measured, making it impossible for 
the autoranging function to work properly 
(remember, the software does not select the 
next higher range until the maximum level 
in the currently used range is exceeded). 


Press ENTER or click left mouse button to continue.... 


SA 


F==ADC OUTPUT 
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Fig. 5. 


On selecting the ‘Adjust’ option from the above menu, you enter a guided calibra- 
tion procedure for the ADC. 
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All ratios specified! 
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ANALOG STATUS === 
Analog channel ;: oO 
Range number Oo 


Range (+) 308.982 V 
Transfer ratio : 123.593 * 
Voltages 

ADC : 0.000 V 
Measured z 0.000 Vv 
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Fig. 6. The ‘Learn’ sub-menu of PCV is used to calibrate the ladder attenuator on the card. 


The ‘Channel’ function enables you to se- 
lect the channel of which the measurement 
results are shown in the large window. 

Finally, a maximum input voltage level 


r Fined indivi » for each chan- PCV= 
may be defined individually for each chan Mezace | 
nel. A screen indication is provided when Pascoe 

. . - : . i mits 
this value is exceeded. This indication takes chsean 


the form of an exclamation mark (!) in the fe Se | 


eight small windows at the bottom of the Main 
screen, a short beep, and a special ‘Check- 
Lim’ indicator in the large window. 
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NAM SWNHeO 


>> Holding! 


= — Personal Computer Voltmeter 


is 


ready mentioned in part 1 of this article, the 
available measurements are very accurate, 
covering the basic signal parameters fre- 
quency, period time, pulse/ pause (on/off) 
ratio, and pulse time. 

The program PCF.EXE does it all. Like 
PCV, it is user-friendly and features menus 
as well as windows for the measurement re- 
sults. The menu allows you to select fre- 
quency measurement, event count, period 
time, duty cycle, or pulse time of the input 
signal. The screen shows the most recent re- 
sults obtained from a measurement. These 
results are not updated until the relevant 
measurement is performed again. To keep 
you informed about what is being measured, 
the current type of measurement is under- 
lined. 

The event count and pulse time measure- 
ment each offer two submenus which allow 
the trigger edge and the on or off time to be 
selected respectively. The desired input 
channel ts also selected via a submenu. 

During the measurements, the measure- 


mv AutoRg 
Chan 0 Filter 
ChScan 

CheckLim 
Limits 


5.00 
1.00 


Quit 


When the ‘Quit’ option is selected, the most 


recent settings are stored in the file 
PCV.CFG. These settings are called up auto- 
matically by PCV when the program is 


Bargraph multiplier: 0. 


Chan 0 ! Chan 1 Chan 2 Chan 3 


started, 0.0 mv 0.00 ¥ 0.00 V 0.00 V 


PCF, the PC-controlled 
Frequency/Pulse Meter 


Chan 4 Chan 5 Chan 6 
9.00 V 0.00 ¥ 9.00 ¥ 
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The PCF.EXE program is used forall time-re- Fig. 7, The PCV in action. The display shows a large voltmeter indication as well as a 
lated measurements on digital signals. As al-  bargraph read-out. 


Measure frequency, period time, duty cycle and pulse time 

p= CONTROL ==> 
Channel 

| Event count | 

Frequency *ae = Elektor Electronics *** 

Period time ake Copyright (C) -> 1990 *#** 

Duty cycle | wee ESS: 146 (1, 2, 3, 4) wt 


Sv riake= Personal Computer Frequency counter Doe | 
>> ¥V1.O/JIR << 


>> Measuring high level pulse time. 


Event count 0.00232 Hz 429.496 s 50.0 % 429.496 $s 429.496 5s 


00124 - 1-15 


Fig. 8. The PCF function of the software is used for all time-related measurements. 
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ment window indicates the current channel 
and the lapsed gate time. The latter indica- 
tion is particularly useful for measurements 
involving relatively long gate times. When 
an option is selected that requires additional 
information to be entered via a submenu (for 
instance, the ‘Channel’ option which takes 
the channel number in this way) the meas- 
urement window shows the indication 
‘Waiting for instructions!’ The relevant 
measurement does not start until you have 
entered the requested additional informa- 
tion. 

The last menu option, ‘Chain’, provides 
an ‘all-in-one’ type of measurement, return- 
ing values on frequency, duty cycle, period 
time and pulse time (pulse ‘on’ as well as 
pulse ‘off’). Since it has little meaning in the 
case of continuous signals, the event count 
function is excluded from the ‘Chain’ meas- 
urement, which, without doubt, is a good 
starting point for most measurements. 


PHONES INTHEAIR; 


Lm 


Telephones for use on board aircraft, Lm 


employing satellite systems around the globe, 
must be the ultimate in mobile phone use. 

What was once considered to be feasible only 
in the realms of Gerry and Sylvia’s puppetry is 
now common practice thanks to technological 
advances in the last few years. 


Bill Higgins 


A number of systems are currently being 

planned to provide telephone com- 
munication from aircraft for use via satel- 
lites to anywhere with telephone contact. 
One such system that is currently being 
launched is called ‘Skyphone’. 


What is Skyphone? 


Skyphone is a telephone service provided by 
a consortium formed by British Telecom In- 
ternational, Norwegian Telecom and Singa- 
pore Telecom. [t can be used in passenger 
airliners and private jets. Calls can be in- 
itiated in cither direction, 1.¢., air to ground 
transmission or ground to air transmission, 
Inmarsat satellites are used to afford cover- CRT omer neces CE 
age around the world, from aircraft in flight. Table 1. Positions and usage of satellites employed for airborne telephone services. 


SATELLITE COVERAGE MAP 910015 - 12 


Fig. 1. Map showing Skyphone service coverage based on 0" and 5” angles of aircraft elevation at ground level. (source: British Telecom). 
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Table 2. The three earth regions, Atlantic, 
Ocean, Pacific Ocean and Indian Ocean are 
served by different ground stations. 


Technical considerations 


Signals from the system on board aircraft are 
relayed via an Inmarsat satellite in geosta- 
tionary orbit, to a Ground Station tor con- 
nection by the appropriate land based 
telecommunications company. 


Satellites 

Inmarsat uses geostationary satellites in 
three geographical regions of the Atlantic, 
Pacific and Indian Oceans. For each region, 
a working pair, known as a dual, and one 
spare satellite are employed. Table | lists 
the nine satellites that are used. 


Ground stations 

Connection to the ground network is via 
Ground Stations within each satellite region, 
as shown in Table 2. The uplink/downlink 
division and frequency band used in the 
aeronautical satellite system are given in 
Table 3. 

Within the Athanuc Ocean Region 
(AOR), calls are routed by British Telecom 
International via their Ground Station at 
Goonhilly. British Telecom's Skyphone 
ground network is shown schematically in 
Fig. 3. The station at Goonhilly houses 
equipment that separates telephone signals, 
including routeing and billing signals, from 
the SHF link via the satellite. Links to Lon- 
don are normally in digital form to tie into 
the International Digital Switching Equip- 
ment (IDSE). Air traffic controls are linked 
directly to voice and data channel equip- 
ment at Goonhilly. 

As might be expected, operator and cus- 
tomer services are linked to both Goonhilly 
and [DSE in London. A voice coding rate of 
9.6 KBilt/s is used for passenger and oper- 
ational services. 

Similar setups are provided by Norwegi- 
an Telecom using their Ground Station at 
Eik to serve the Indian Ocean Region (LOR), 
and by Singapore Telecom using Sentosa 
Ground Station to serve the Pacific Ocean 
Region (POR). 


Equipment on board aircraft 

Airborne equipment is manufactured by a 
number of companies, mainly within the UK 
and USA. Table 4 lists equipment along 
with manufacturer and locations, 
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Fig. 2. 


Antennas 

Various designs of antenna are available to 
be connected to the outside of aircraft. Each 
design has its own characteristics including 
scan coverage patterns of five types of an- 
tenna (sce Fig. 2). 


PHONES IN THE AIR 


Blade antenna 


Tail-mounted antenna 


Low-profile plate antenna 


Mechanically steered antenna 


Conformal side-mounted 
antenna 


910015 - 11 


Some currently available antenna options for aircraft. (source: Racal Avionics). 


Blade antenna 

This type normally has high gain (12 dBi) 
with narrow beam width. It is used on a 
number of wide body aircraft such as the 
Boeing 747. 

Tail-mounted antenna 

Basically. this is a customized version of the 


TELECOMMLUNICATIONS 


Table 4. 
airborne telephone equipment. 


International 
telecommunications 
network 


idon, Essex, England 
ine,. California, USA 


Overview of UK- and USA-based manufacturers engaged in the production of 
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Fig. 3. 


Digital 
transmission 


ATC 


A lines 


Business 
Aircratt 


blade antenna. It is sited on top of the air- 
craft vertical stabilizer. The tail-mounted 
antenna is currently used on Gulfstream-2, 
-3, and -4 series of aircraft. Plans for its use 
on the Falcon 900 are under way, and it 
could be used on Lockheed L-1011 Tristar 
and other three-engined aircraft. 
Low-profile plate antenna 

This type is top-mounted and consists of 32 
identical elements of about 314-inch long 
placed in a rectangular grid of 8 elements 
long by 4 elements wide, enclosed in an 
aerodynamically shaped radome. 
Mechanically steered antenna 

This is a high-gain single-helix antenna that 
is situated on a pedestal. Coverage is about 
360° azimuth and +90* to —30° elevation by 
means of an avionic signalling control sys- 
tem. Pedestal and antenna are both enclosed 
in an aerodynamically designed radome. 
Conformal side-mounted antenna 

This antenna is mounted on two sides of the 
aircraft fuselage to conform to ils contours. 


Ring off 


Things are happening ata fast pace in the de- 
velopment of services for passengers in air- 
craft, This article, although only an 
introduction to the operation of a complex 
system. may well be of use to readers, either 
as possible users of telephone equipment on 
board aircraft, or us people that may be in- 
volved in future designs and manufacture of 
systems and components. = 


Voice & 
data 


RF 
channel = @aquipment 
equipment 


Signalling & 
channel control 


Main 
aerial 


a 
ist 
Standby 
aenal 
Data 
recording 
GOONHILLY 


a Credit card companies 
Billing 


centre | 
i 


eee 


Inmarsal 


910015 - 13 


Structure of the Skyphone ground network. (source: British Telecom). 
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MEASUREMENT TECHNIQUES (4) 


by F.P. Zantis 


This month's instalment deals with a very important 
measurement: that of resistance. This measurement is important 
not only in faultfinding, but also in design and development. It is, 

unfortunately, not possible to deal with the gamut of methods 
available: only the most common ones will be discussed 


IRTUALLY all multimeters have sev- 
eral ranges for measuring ohmic (also 
called true ord.c.) resistance. The battery pro- 
vided in analogue types is there for one pur- 
pose only: the measurement of resistance. The 
two most common methods of measurement 


use either a constant-voltage source or a 
constant-current source, 


Fig. 24. An analogue meter becomes difficult to 
read at the left-hand side of the scale. 


In the first, a constant voltage, Ug, is ap- 
plicd across the component under test: the 
resulting current, /,, is used as the basis of 
the resistance measurement: /,= U'./ Ry, where 
R, is the resistance of the component under 
test. Since /, is inversely proportional to Ry, 
a separate scale is required, which is cali- 
brated inohms (or multiples thereof) and runs 


display or moving 
coll meter 


—C 


Polentiameter 


C+ 


9001 194V-12 


Fig. 25. Basic circuit for constant-voltage mea- 
surements, 
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from right to left, that is, “O" is at the right- 
hand side of the scale—see Fig. 24. It should 
be noted that accurate measurements are 


only possible over the right-hand half or 


three-quarter of the scale. 

The basic circuit for this method of mea- 
surement is shown in Fig. 25. The “0” value 
(meter terminals short-circuited) is set with 


display or moving 
coil meter 


constant - current 
source 


ta 


300 F134-13 


Fig. 26. Basic circuit for constant-current mea- 
surements. 


the aid of the potentiometer. This obviates 
any circuit properties affecting subsequent 
measurements. 

The fundamental circuit for constant-cur- 
rent measurements is shown in Fig. 26. In this 
method, a constant current, /,, is passed 
through the component under test and the con- 
sequent voltage, U',, across it is the basis of 


high - impedance 
reading 


high -impedance 
reading 


medium - to low - 
impedance reading 


Goo ge 


the resistance measurement: L/,=/, Ry. Note 
that in this method U’, is directly propor- 
tional to the resistance. A separate scale is, 
therefore, not required. Moreover, the scale 
division is more linear, so that the values of 
resistance may be read fairly accurately over 
the entire scale. 

Small or large resistance values cannot 
be measured accurately with either of these 
methods. A Wheatstone bridge or a com- 
parison method must be used for these. 


Component testing with an 
ohmmeter 


Most ohmmeters may be used for testing semi- 
conductors, provided that the potential at 
the test terminals is sufficiently high. A 
diode has a very large resistance when the test 
leads are connected across it in one way and 
a much smaller one, depending on the type 
of diode. when the test leads are reversed, 
In the first case, the diode is reverse-biased 
and in the other, forward-biased. The forward- 
bias resistance of point-contact diodes is 
considerably higher than that of junction 
diodes. Measurements of this nature indi- 
cate only whether the diode is functional or 
defect: other than that, they do not show 
how the diode will behave in a circuit. 
Testing of transistors must be done in six 
stages—see Fig. 27. The resistance between 
emitter and collector is high in both direc- 
tions. That between base and collector oremit- 


high - impedance 
reading 


medium - to low - 
impedance reading 
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Fig. 27. Testing a transistor with an ohmmeter requires six measurements. 
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oscilloscope 


alternating - 
vollage source 


channel ¥1 


900112+I¥-15b 


Fig. 28. Component tester: (left) test set-up and (right) incorporated in an oscilloscope. 


ter is small in one direction and large in the 
other. The measured values depend on the ap- 
plied voltage and current, as well as on the 
ambient temperature. It is thus not possible 
to measure absolute values, but short-circuits 
and open-circuits are, of course, indicated, 
When transistors are tested in-circuit in this 
manner, the effect of surrounding components 
must, of course, be taken into account. For 
more accurate measurements, the transistor 
should be removed from the circuit. 


Component tester 


On the basis of the foregoing, special com- 
ponent testers for use with, or incorporation 
in, oscilloscopes have been developed as 
shown in Fig. 28. The basic circuit of the tester 
is fairly simple: a low alternating voltage, 
drawn forinstance from amains transformer, 
is used as the supply for the series network 
of component under test and shunt resistor. 
The alternating voltage is used as the hori- 
zontal time-base, while the potential drop 
across the shunt resistor is used for the ver- 
tical deflection of the electron beam. When 
the component tester is in use, the internal 
time-base of the oscilloscope is, of course, 
switched off. 

The voltage drop across the shunt resis- 
tor determines the current through the com- 
ponent under test. The screen of the oscillo- 
scope shows the /£/ characteristic (L’ in hori- 
tonzal direction), and thus the resistance 
curve of the component under test. No ref- 
erence is provided, so that the trace only 
shows the relative resistance of the compo- 
nent under test. 

Since the component tester is so simple, 
it is possible to use it with, or build it into, 
any oscilloscope whose time-base can be 
switched off and which has an additional X- 
input available. 

Note that since the earth potential must 
be at the centre between component under 
test and shunt resistor, the current trace is 
inverted. In a number of oscilloscopes, the 
Y-channel can, however, be inverted. so that 
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Fig. 29. Traces obtained from measurements with a component tester: A) test terminals short- 
circuited; B) true resistance; C) inductor; D) capacitor; E) base-collector junction of a transistor; 
F) base-emitter junction of a transistor; G) emitter-collector junction of a transistor; H) zener 
diode whose zener voltage is lower than the maximum test voltage; |) zener diode whose zener 
voltage is higher than the maximum test voltage; J) silicon diode; K) germanium diode; L) recti- 
fier; M) thyristor whose gate is connected to its anode; N) parallel network of diode and resistor; 
O) two diodes connected in anti-parallel; P) series network of diode and resistor; Q) resistor in 
parallel with the base-emitter junction of a transistor; R) parallel network of resistor, capacitor 
and base-emitter junction of a transistor; S) diode and capacitor connected in parallel. 
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a correct trace is obtained. 

There must be no voltage across the cir- 
cuit or component under test, otherwise the 
measurement becomes meaningless. 

Correctly interpreting the trace requires 
some practice, particularly when the mea- 
surement is carried out on a circuit. 

If the component under test is a true re- 
sistance, there is no phase shift between the 
two deflection voltages and the trace is a 
straight line. The tilt of the line is a measure 
of the resistance: when this is 0, the trace is 
upright, when it is ¢%, the trace is horizontal. 


Measurement of impedance 


The component tester may also be used to 
determine impedance values. Capacitors and 
inductors cause a phase shift between the volt- 
age across, and the current through, them, and 
thus between the deflection voltages. This 
gives rise to elliptical traces, the height and 
width of which are typical of the impedance 
of the component under test—see Fig. 29. 
Exact measurements are possible only if the 
relation between the horizontal and vertical 
deflection voltages is known. The vertical de- 
flection is calibrated on all oscilloscopes. 
When the set value is divided by the value 
of the shunt resistance, the deflection on the 
screen is in A/div or mA/div. The X-deflec- 
tion is often not calibrated, but the voltage 
at the relevant input may be measured fairly 
easily by switching off the time base and 
setting the trace exactly in the centre of the 
screen, Then deflect the trace to the nearest 
graticule division by applying a voltage to the 
X-input. The level of that voltage gives the 
value V/div. Once this has been determined, 
the values of voltage and current can be read 
directly from the traced characteristic. 
Impedances may, of course, also be mea- 
sured without the use of an oscilliscope and 
component tester. A sine-wave generator and 
an instrument that can process frequencies 
are then required. The component under test 
is connected to the generator, after which 
the voltage across it, and the current through 
it, may be measured. The impedance, Z, is de- 
termined trom the relation Z = U' //. The 
true resistance must be deducted from the 
obtained value to arrive at the value of the 
reactance. X. In view of the phase shifts, 
however, this must be done geometrically, 
that is, XN? = Z2 — R2. The values of reac- 
tance and impedance are valid only at the 


voltage source 


voltmeter 


variable 
resistance 


Fig. 30. A pretty good and simple way of measuring the in- 


ternal resistance of a voltage source. 
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frequency of the test signal. 
The reactance, X,.. of an inductor is 


X= @b = 2nfL, 
whence, 
L=X_/2nf. 


The reactance and value of a capacitor 
are calculated in a similar manner 


Xc=1/oc, 
and 


C=1/0Xc=1/2nfXc. 


Measuring the supply voltage 


One of the most frequent measurements is 
checking the supply voltage of an equipment. 
Moreover, preliminary tests in design and de- 
velopment aim at deciding whether a given 
voltage- or current-source is suitable for the 
projectin hand. Most supplies can be checked 
with three or four measurements of: e.m.f.; 
short-circuit current; internal resistance, Rj: 
and, in the case of a d.c. source, the hum 
voltage, U,. Most voltage sources provide a 
direct voltage or an alternating voltage with 
a frequency of 50 Hz. Both of these may be 
measured with a multimeter without any 
problem. 

To measure the e.m.f., it is imperative 
that the source is not loaded: if the output 
impedance of the source is not particularly 
high, the input resistance of the multimeter 
may be ignored. 

Measuring the short-circuit current ts in 
many cases not recommended. It is better to 
determine the internal resistance, which in 
most cases will enable the short-circuit cur- 
rent to be calculated. 

Measuring the internal resistance of a 
home-made regulated supply can be very re- 
vealing: for one thing, it shows how good 
the supply really is. A pretty good and sim- 
ple way of determining Aj is possible with 
the circuit shown in Fig. 30. The source is 
loaded with a variable resistor that is set to a 
position where exactly half the e.m.f. is dropped 
across it. The drop across R; must then be the 
same, which means that the internal resistance 
must have the same value as that presented 
by the variable resistance. Note that this 


item 
under test 
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method is not suitable when the value of R; 
isrelatively high, because the current may then 
become relatively large. The method is, how- 
ever suitable for determining the input and 
output resistance of an electronic circuit. 
The simplest way of determining the in- 
ternal resistance of a voltage source is as 
follows and requires knowing two operat- 
ing points. The first of these may be the 
e.m.f., U. The second may be determined 
by loading the source with a resistance, Ry, 
whose value must cause the output voltage 
to be appreciably lower than the e.m.f. The 
internal resistance is then calculated from: 


R= (U5 -— Up) / (US RY HR Uy -— Up / UY, 


If, forexample, the e.m.f. ofan a.c. source 
is 25.2 V and the output voltage drops to 
23.5 V when a load of 5.6 (2 is connected 
across the output, the value of the internal 
resistance 18; 


Rj = 5.6 (25.2 — 23.5) / 23.5 = 0.41 Q. 


Note that the output current is then 4.2 A: 
this value must be lower than the maximum 
output current before current limiting sets 
in. As soon as current limiting takes place, 
the internal resistance rises rapidly, which 
invalidates the measurement. 


Compensating method of 


measurement 


The smaller the internal resistance of a volt- 
age source, the better regulated the output 
voltage. Electronically stabilized power sup- 
ply units havea very small internal resistance, 
provided the maximum output current 1s not 
exceeded. Such small resistances cannot be 
measured by the methods described so far, 
at least not with any degree of accuracy. 
They can be measured accurately by the so- 
called compensating method, which requires 
some care in calibration, however. 

The test set-up is shown in Fig. 31. The 
unit under test is loaded by a variable resis- 
tance, R;,and the resulting current, /,, is mea- 
sured. The voltmeter indicates the difference, 
Ug, between the potential across R, and the 
compensating voltage, L'.¢;, which is set by 
R>. This resistance is varied until U/y = 0, At 
the same time, lower and lower ranges of 
tthe voltmeter are selected to make the cal- 
bration as accurate as possible. Then, Rj is 
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Fig. 31. Compensating method of measuring small internal resistances. 
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carefully varied in small steps. This will 
cause a change in /; as well as in U, as indi- 
cated by the two meters. The internal resis- 
tance is calculated by dividing the change 
in output voltage by the change in current. 


Measuring hum voltage 


All d.c. supplies derived from an alternating 
voltage retain a certain amount of a.c., how- 


ever small, superimposed on the direct volt- 
age output. This a.c. component manifests 
itself as hum. The lower the hum level, the 
better the power supply, at least in this re- 
spect. The a.c. component can be measured 
by removing the d.c. with the aid of a ca- 
pacitor. On oscilloscopes this is done by set- 
ting the input selector (AC/GND/DC) to 
AC. The a.c. component may then be dis- 
played on the screen with very good resolu- 


tion. Since the hum voltage is seldom sinu- 
soidal, it is normally specificed as peak-to- 
peak, and this is clearly seen on the screen. 
Multimeters set to a.c. ranges also iso- 
late the d.c. voltage from the input signal, 
so that only the a.c. component is measured. 
Since this component is normally not sinus- 
oidal, the indicated value is only reliable if 

a true-r.m.s. multimeter is used. 
(to be continued) 


DECADIC VOLTAGE DIVIDERS 


by Ing. G. Peltz 


Designing decadic voltage dividers is not as simple as it may 
seem. One decade is not too difficult, but when a number of 
decade steps are to be selected by a rotary switch the design 
becomes rather more tricky. Or does it? In this article, an old di- 
vider circuit is rehashed that otherwise may easily be overlooked 
in these days of microprocessor-controlled digital potentiometers. 


IGURE | shows the basic circuit of a 3- 

decade voltage divider. Switches $; and 
S> are 2-pole, 10-position types, while S3 is 
a Single-pole, 11 position type. Both S; and 
So select two resistors at a time froma divider 
chain. The value of the paralle! combina- 
tion of these two resistors and the following 
chain is equal to that of a single resistor. 
This requirement is fulfilled when, for ex- 
ample, chain | contains resistors of value 
R, chain 2 contains resistors of value R/5, and 
chain 3 contains resistors of value R/25. 
Note that S; and S» are always displaced 
two positions with respect to each other. 

Since the value of the parallel combina- 
tion of the two resistors between the poles 
of S; and the following chain is equal to 
that of a single resistor in the first chain, the 
voltage drop across each resistor is the same 
as the potential between the two poles of 
S|. that Is, the input voltage, U’,, divided by 
10. Similarly, the potential across each of 
the resistors in the second chain is L/,/ 100, 
and that across each of the resistors in the 
third chain is U’, / 1000. This means that the 
output voltage (with respect to earth) may 
be selected in steps of a thousandth of U’,, 
depending, of course, on the tolerance of 
the resistors, which in this case must be 
0.1%. 

Figure 2 shows a practical application of 
the foregoing: two resistor chains and a po- 
tentiometer provide an accurate, variable volt- 
age source. Potentiometer Pz may be re- 
placed by a third chain of 47 Q resistors. 

A temperature-compensated zener diode 
provides a very stable reference voltage. 
U,, of 6.8 V from the supply voltage, Up. 

The values of the two resistor chains may 


Si: aes 
(0, 1,...9)x Up / 10 


Fig. 1. Basic design of a decadic voltage divider. 
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S10, 1,...9)x1V 


100 mV steps 


$2: (0,1,...9) x 100 mV 


910003 - 11 


Fig. 2. Voltage source providing 0-10 V in 100 mV steps. 


be adjusted by presets P; and P> respectively 
to give the second chain a total resistance of 
exactly 2 kQ and “the third”, that is, P3, a 
value of 4 kQ. If 2% resistors (of the same 


batch) are used in the dividers. an overall 
accuracy of 0.5% is obtained. This accuracy 
will, of course, be even better if 1% or 0.5% 
resistors (from the same batch) are used. 


DECADIC VOLTAGE DIVIDERS 


The potential at the wiper of P3 covers a 
range of only 0—6.8 V and must not be loaded 
too heavily to avoid unacceptable errors. 
For that reason, the potential is applied to an 
opamp with FET inputs, which gives an out- 
put voltage range of 0-10 V preset by Ps. 

The opamp Is powered by an asymmetric 
voltage source: +U',, = 12-18 V; -U',=5-10V 

Series resistor R, in the positive supply 
rail has a value between | kQ and 2.2 kQ, 
depending on the level of the supply volt- 
age: It carries a current of about 5 mA. 

Except for R,, all resistors should be 
metal film types with a temperature coeffi- 
cient, 7, not greater than +50 p.p.m. and a 
tolerance of +1% or better, Presets P), Po, 
P, and Ps are multiturn cermet types, while 
P3isagood-quality wirewound type ora47 Q 
resistor chain as in Fig. |. The switches 
should also be high-quality types. 


Calibration 


For calibration, a digital multimeter with a 
4 1/5 digit display is required. Set all presets 
to the centre of their travel, and P3 and the 
switches to their lowest position. 

Turn P4 until the output voltage is 0 V 
with respect to earth. 

Check that the level at B is exactly the same 
as the zener voltage. 

Turn P; until the potential at C is exactly 
one tenth of the voltage at B. 

Set S; to position 1, Le., between termi- 
nals | and 3, and turn Ps until a voltage of 
exactly 1.000 V is obtained at the output. 

Adjust P; for maximum output and then 
turn P> to give an output of 1.100 V. 

Reset S; to position 0: the output should 
then be exactly 100 mV. 

Since the controls affect one another slightly, 
the calibration needs to be repeated a couple 
of times, 
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NEW DIGITAL/ANALOGUE 
MULTIMETER FROM ITT 


HEnew Type MX570 from ITT Instruments 

is a combined analogue/digital multi- 
meter that offers auto-ranging on both the tra- 
ditional analogue pointer and the digital 
LCD read-out. 

The instrument Is aimed at traditional mul- 
timeter users who appreciate the accuracy 
and unambiguity of a digital read-out, but 
who find that alternative analogue solutions 
on simple bar-graph displays lack the same 
response and ‘feel’ of a true analogue pointer. 

Both the analogue and digital displays 
of the MX750 share the same auto/manual 
ranging and auto-polarity electronics, and yet 
the pointer response Is not restricted by the 
sampling rate of the analogue-to-digital con- 
verter. 

ITT products are manufactured at a num- 
ber of locations world-wide and are available 
in most countries. = 


NEW WAVEFORM GENERATOR 
FROM GOULD ELECTRONICS 


OULD has introduced the DWG-7000 

digital waveform generator that covers 
the frequency range 10 tHz—-10 MHz, and 
can produce both standard and arbitrary 
waveforms with a resolution of 100 ns per 
point. Internal memory is sufficient to store 
8192 digital points. The vertical resolution 
is 12 bits. 

Built-in standard functions include sine, 
square, triangle, d.c., positive ramp, negative 
ramp, positive pulse and negative pulse. All 
can be selected from the front panel or from 
a remote controller via IEEE-488 or RS 232 
interfaces. A full complement of sweep func- 
tions is also available. 

The DWG-7000 is suitable for all gen- 
eral purpose clectronics applications. 

Gould Electronics manufactures a wide 
range of electronic instruments, which are 
available in most countries of the world. 


LOGIC ANALYSER PART 2 


The busboard 


The busboard does not look it, but it is the 
heart of the analyser—see Fig. 3. It can ac- 
cept up to five other cards, each via a dis- 
crete connector. A sixth connector provides 
a link to the computer interface. The major- 
ity of the signals handled is common to all 
the boards, as is usual in the case of bus- 
boards. Only the five board-select signals, the 
5-volt supply and the earth connections are 
individually provided for each card as is 
shown in Fig. 4 (Part 1). 


The clock 


The fact that the analyser is provided witha 
clock frequency of 100 MHz indicates that it 
is not intended for measuring direct volt- 
ages or currents. It does not mean, however, 
that a 100 MHz signal can be applied to the 
input without further consideration. What 
in an analyser is called clock frequency is in 
other applications often a sampling frequency 
(as, for instance, in CD systems). According, 
to Shannon's Theorem, the sampled signal 
may be reconstructed correctly only if the high- 
est frequency of the input signal is not greater 
than half the sampling frequency. That is not 
all, however, because rectangular waveforms 
are used in the analyser that contain, apart 
from the fundamental frequency, a whole 
series of harmonics. For reliable sampling a 
digital input signal, a maximum fundamen- 
tal frequency of, say, 30 MHz must be as- 
sumed. The most important, and also the 
strongest, harmonic is the third and that is 
then nearly equal to the clock frequency. In 
real terms, that means that the frequency 
range of the signals that are required to be 
transported over the metering leads extends 
to at least 100 MHz. That cannot be done re- 
liably and without distorting the signals over 
even small distances, however, by means of 
some twisted cable terminated intocrocclips. 
The analyser therefore uses an active probe, 
which is discussed below. 


The probe 


From a purely electronics point of view, the 
probe (see Fig.6) is very simple: a few resis- 
tors, two connectors and some buffers. 
Nevertheless, it forms an important link in 
the transportof the input signals to the analy- 
ser. Itis, as it were, a "forward" input. Theitem 
under test may be connected to it with short 
leads, so that it only "sees" these leads and 
the probe input. This is fortuitous as the fol- 
lowing example shows. Assume that a test 
lead has a capacitance of 10 pF (with many 
test leads, this is much higher). If the signal 
across the lead hasa frequency of 30 MFiz, the 


by K. Nischalke and H.J. Schulz 


lead represents a load of 530 Q on the signal 
source. The very short leads used here ensure 
very low capacitance. The load presented 
by the long cable following the buffers in 
the probe is not reflected on to the signal 
source. 

The buffers in the probe are of the famil- 
iar 245 type in the 74 series, but in ACT tech- 
nology, that is, fast. The more usual types 
are not fast enough. Moreover, the ACT types 
have a high-impedance input, so that they 
present only a small load. 

The outputs of the buffers provide a sig- 
nal that is strong enough to bridge a 1 m 
cable. Ifa longer cable is required, more buffers 
must be added. The connectors of the probe 
are therefore designed to enable the probe and 
cable to serve as an extension lead, They 
carry, apart from the data lines, the 5-V sup- 
ply and alsoa +12-V supply to enable a probe 
to be constructed that can handle higher 
input voltages. 

Populating the printed-circuit board—see 


Fig. 7—is straightforward, but care must be 
taken to ensure that pin 1 of Kq is located 
correctly, Before the board can be mounted 
in the case, the cover must be prepared. One 
of the long sides must be givena recess through 
which Ks can be passed. The other long side 
must be given a slot through which the flat- 
cable can be passed. Note that this must be 
done before the second connector is fitted 
on to the cable. The photograph in Fig. 8 
shows how these modifications should be car- 
ried out. 

The board is fitted on to the inside bot- 
tomofthe enclosure with twoscrews. The flat- 
cable can now be fitted to the connector, after 
which the top of the case can be put into- 
place. 

The connection between probe and item 
under test is made by a short length of flat- 
cable and a number of single-core leads ter- 
minated into a test clip. The flatcable is ter- 
minated at both ends by a female connector 
fitted with a strain relief clamp. One of the 
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Fig. 6. Circuit diagram of the probe. 
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Fig. 7. Printed-circuit board for the probe. 


Fig. 8. (left) a slot and a recess have to be provided in the top of the enclosure; (right) general view 
of the probe and the required ancillaries. 


sockets is connected to the probe, while the 
other is used asa es oN connector for the 
individual test leads. These test leads are 
terminated into wire-wrap pins that fit nicely 
into the sacket. These pins may be bought 
from your local retailer or cut off contacts strips 
that normally serve as IC socket -- see Fig. 8. 
The test cable is then soldered into one of 
the two buses. The other end of the the indi- 
vidual leads, which should not be longer 
than 20cm, is fitted with a test clip, The other 
bus remains unused except for one plug per 
probe where an earth connection is soldered. 


The RAM card 


The RAM card is at the heart of the input 
signal processing: it writes and temporarily 
stores the data. The relevant circuit is straight- 
forward as may be seen in Fig. 9. The input 
signals are passed to ICs 17, 18, 28 and 29, 
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Depending on the logic state of the 100/25 MHz 
signal at the 5; input of the ICs, these de- 
vices function cither as shiftregister or as latch. 
When the signal is high (25 MHz mode), the 
data present at parallel inputs AD areaccepted 
into the registers of the ICs at every clock pulse. 
In this state, 16 input signals can therefore 
be processed, 

When the 100/25 MHz signal is low (100 MHz, 
mode), the four ICs function as shift regis- 
ters that accept the logic state of input SR at 
every clock pulse. This means that only four 
mputs are left per RAM card, but these may 
be processed ata clock frequency of 100 MHz. 
Since the clock frequency can goup to 100 MHz, 
the clock signal is not carried via the bus 
board but via a short coaxial cable that con- 
nected the CLK input directly to the control 
board. 

From the input shift register, the signal is 
split into two: one part goes to the word rec- 
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ognizerand the other toa latch formed by IC yy 
and 1C3).The three-state outputs of this latch 
ensure that the RAM can be read without 
any problems. 

Furthermore, the latch ensures that in the 
100 MHz mode the data are stable long enough 
tobe written into the RAM, True, in the 100 MHz 
mode the data are offered at a frequency of 
25 MHz, but in spite of that they remain sta- 
ble for only 10 ns, which is too short for ICy 
and ICoq, the RAM ICs. It is for that reason 
that they are first stored in the latch. The 
R/W signal from the control card clocks the 
latch and controls the RAM. The control board 
also provides the address lines that contain 
the address into which the data are written 
in the RAM. Every time this occurs, the ad- 
dress is increased by one. 

When the measurement has been com- 
pleted, the R/W control goes high. The out- 
puts of latches ICjy and IC; are then high- 
resistance and the RAM is in the read posi- 
tion. Thecomputercan then read the contents 
of the RAM address by address via three-state 
buffers [Cy and [Cyy. Since only eight bits 
can be read at a time, the buffers must be ad- 
dressed individually, and this is done via 
address decoder ICyy. The two register ad- 
dress lines and WR\ determine into which 
register may be written and from which one 
may be read. The address decoder is also 
controlled by a card select signal to enable a 
distinction to be made between the RAM 
cards (up to four) and the controller card. 

Apart from the RAM, the RAM board also 
contains the word recognizer that arranges 
the triggering of the logic analyser. Via the 
interface the computer writes into the four 
registers, ICj3, [Cya, ICoy and ICo-, the data 
that determine whether a bit is to be high, 
low or don't care to trigger the analyser, An 
XOR-NANID combination is used for each 
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Fig. 9. Circuit diagram of the RAM card. 
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bit to compare the input data with the set 
trigger pattern, The individual comparisons 
are combined into signals ARM and TRIG 
via the open-collector outputs of the NANDs, 
which have been linked to form a wired-OR 
gate. Signals ARM and TRIG are buffered 
by gates IC3),.and IC 3,4 and then applied to 
the bus. These gates also have an open-col- 
lector output, so that the triggersignals on the 
busare again passed througha wired-OR gate, 
which ensures that the control board receives 
twocomplete trigger signals. The XOR-NAND 
combination and its truth table are shown sep- 
arately in Fig. 10. The output of this combi- 
nation must be high for the trigger condi- 
tion for the relevant bit to be met. When the 
Xinputis made low, the outputis always high. 
The bit is then a don't care one in the trigger 
pattern. When the X input is high, the 0/1 
input is used to determine whether the data 
input must be low or high to meet the trig- 
ger condition, The XOR-NANDcombinations 
are connected to the four registers in a man- 
ner that ensures that in each of the registers 
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{Cg, Cop = CY7C128 (6116, 20 ns) 


ICg, 1Cr9 = T4HCT245, 
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Fig. 11, Printed-circuit board for the RAM card 


four 0/1 inputs and four X inputs are juxta- 
posed. 

The printed-circuit board shown in Fig. 11 
is straightforward, although some construc- 
tors will wonder about the number of wire 
links. These were found necessary because 
of the density of the board in a number of 
places. Itwas considered that in these instances 
wire links are safer than copper tracks. Also, 
they provide a way of keeping the supply to 
groups of ICs separate, which makes thor- 
ough decoupling of the power lines that much 
simpler. Note that the resistance of the power 
lines may be made even lower by giving the 
relevant tracks an extra layer of tin. 

Note also the layout of the board around 
ICsand IC3). These [Cs are normally supplied 
in widths of 0.3 in., but wider versions arealso 
available. The board is suitable for both tvpes. 
Whichever type is used, pin 1 must always 
be inserted into the appropriately marked 
hole. 


(Part 3 will follow in eur April 1997 issue) 


PARTS LIST 


IC149, 1Ca, = 74F574 

1C44, 1044, 1Coo, 1Co5 = 74ALS03 
IC12, 1Ci5, ICag, [Cog = 74ALS86 
IC 43, ICig. 1024, 1Co7 = 74HCT574 
IC47, 1Cig, ICag, ICo9 = 74F 194 
IC39 = 74HCT138 

1C3; = 74ALS09 


a» 


) 


900094 - Il- 13 


Fig. 10. The word recognizer consists of 16 of 
the circuits shown here. 


Miscellaneous: 

Kp = 64-way right-angle male AC 
connector to DIN 41612 

K3 = 34-way right-angle male header 
with ejector Bun 

PCB Type 900094-2 
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trigger nibble 1 
trigger nibble 2 
trigger nibble 3 


low byte RAM 
high byte RAM 
no address 

no address 


0 Q 
gy 72P900000000000000000000000000000 668 PRB B BBE BBABEBB SSBB RAB BEB BAB 
= 
99000000000000000000000000000000 |e GEGRGEREERRRCCCRRGRGHEEEEaaGeaace >| 
& 


Register address 


Table 1, Address arrangement for the RAM card. 
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OPTICAL-FIBRE COMMUNICATION 


Modern telecommunications increasingly uses photonics, the 
technology of using photons instead of electrons to convey 
information in a controlled manner. The United Kingdom is a 
world-leader in this technology and both British Telecom and 

Mercury Telecommunications already have substantial lengths of 


HE basic principles of using photons for 

communication via optical-fibre cable 
were established by Hockam and Kao, work- 
ing at the Standard Telecommunication 
Laboratories at Harlow, Essex, in 1966. 

A photon is an elementary particle of 
light in the frequency range of 3x108 MHz 
to 6x10!9 MHz, corresponding to wave- 
lengths of L[OQ0-S5 nm. 


media separation 


normal 


$6028-2a 


media separation 


hormal 


refracted part of 
ray parallel to 
media separation 


86028-2b 


media separation 


incident ray 


normal 


totally reflacted 
ray 


Fig. 1. Depending on the angle of incidence of 
the light ray, the transmission path is called low- 
or high-order mode; the greater the angle, the 
lower the mode. 


A ray of light is the direction along which 
photons, that is, light energy, travel. A beam 
of light is a collection of rays. According to 
the Principle of Reversibility of Light, if a 
light ray is reversed, it always travels along 
its original path. Light waves may be refracted 
or reflected. 

In reflection, some or virtually all of the 
light is thrown back into the original medium 
when the light strikes the boundary surface 
between two media. Highly polished metals 
reflect most of the light incident on them. 
whereas, for instance, plate glas reflects only 
about five per cent. 

In reflection, the incident ray, the nor- 
mal, and the reflected ray lie in the same plane. 
Also, the angle of incidence with the nor- 
mal is equal to the angle of reflection with 
the normal—see Fig. 1. 

Refraction is the change of direction that 
a ray of light undergoes when it enters an- 
other transparent medium, In refraction, the 
incident ray, the normal, and the refracted 
ray lie in the same plane. Snell, a Dutch sci- 
entist, found in 1620 that the ratio sinct:sinB 
is a constant, where @ is the angle of inci- 
dence and 3 is the angle of refraction. Snell's 
Law is usually expressed as 


optical-fibre cable in everyday use. 


ny sin@=nz-sin B anshint 


Fig. 2. Illustrating Snell's Law, 


sing /sing’ = n,/nj=—, {lJ 


where 7, and n; are the refractive indexes of 
the two media and Lt is a constant. 

Light is refracted because it has different 
velocities in different media. The Wave Theory 
of Light shows that the refractive index ;12 
for two given media | and 2 is given by 


jy =C)/e9, [2] 


§6028-3b 


Fig. 3. Top:stepped index multimode cable; centre: graded index multimode cable; bottom: monomode 
cable. At the left of the drawings are the profiles of the refractive index. 
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where c, and c2 are the velocities of light in 
media | and 2 respectively. 

If medium | in [2] is a vacuum, the value 
is the absolute refractive index. The value 
for any other two media is the relative re- 
fractive index. The absolute refractive index, 
a, of a medium is then n=c/¥v, where c is the 
velocity of light in a vacuum and v is the ve- 
locity of light in the medium. As the abso- 
lute index of air is 1.000 29, in practice the 
velocity of light in air can replace that in 
vacuum. 

There are, of course, situations where 
there is a partical reflection and a partial re- 
fraction of the light. For instance, in Fig. la 
the angle of incidence is so small that a large 


ray of bight 


Fig. 4. Longitudinal cross-section of an optical fibre cable. 
The refractive index of the core is slightly higher than that 


of the cladding. 


a 


part of the incoming light is refracted. In 
optical fibre, this would mean that a large part 
of the light would be lost in the cladding of 
the cable. Figure 1b shows the critical angle 
of incidence: the refracted light here is at an 
angle of 90° with the normal. At the critical 
angle, the refracted light may cause inter- 
ference. It is, therefore, essential that the angle 
of incidence is greater than the critical angle— 
see Fig. lc—when total reflection takes place. 
Note that the angle of incidence, ct, is equal 
to the angle of reflection, y. The condition 
for total reflection is that the ray of light 
travels from an optically dense medium with 
a relatively large refractive index to a less 
dense one with a smaller refractive index. 
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Rays of light that fall upon the media 
boundary at an angle smaller than the criti- 
cal angle are called high-order modes: they 
take relatively longer to reach the end of the 
cable. Rays of light that travel almost paral- 
lel to the optical axis, that is, atan angle greater 
than the critical, are called low-order modes. 
Low-order modes travel faster because they 
are reflected less often than high-order modes. 
Low-order modes are far less prone to losses 
than high-order ones. 

The sine of the angle of incidence of the 
ray of light is called the numerical aperture: 
this is the prime factor where two optical 
waveguides are to be linked. The numerical 
aperture is also an indication of the difference 


© = critical angle 


the cladding. 


Critical angle in degrees 


attenuation in dB km-! 


— 


Care 9706 DdG4 O4n2 a5 0.598 


Fig. 6. Relationship between the critical angle and the re- 


fractive index no with n, given a value of 1. 


Fig. 8. Dispersion causes the width of the light pulses to be 
increased. 
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refmctive index. 
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Fig. 5. If the ray of light is input at an angle greater than the 
critical angle 6, it is not reflected internally but absorbed in 


Rayleigh scattering 


OWT absorption 


A (nm) 


1550 nm 
window 


1300 nm 


window window 


Fig. 7. Relationship between attenuation presented by an 
optical-fibre cable and the wavelength of the input light. 


Fig. 9. Depending on the input angle, different rays of light 
travel different distances, and this causes their transit times 
to be of different duration. 


between the refractive indexes of the core and 
the cladding: the smaller it is, the greater 
the bandwidth of the optical signal. 

In mono-mode (also called single-mode) 
optical-fibre cables (Fig.3) the core diame- 
ter is comparable to the wavelength of the 
light, so that there can be only one electro- 
magnetic mode of propagation and spread- 
ing of the pulse, called multi-path disper- 
sion, is eliminated. 

[In multi-mode optical fibre cables—see 
Fig. 3—the ray paths of the different modes 
are of different lengths and have, therefore, 
difference transmission times. Because the 
modes are divided by a pulse, this is subject 
to progressive spreading as it travels along 
the fibre, causing it to interfere with adja- 
cent pulses. 

Its small core size makes mono-mode 
fibre more difficult to use, but it has a smaller 
attenuation than multi-mode fibre cables. 

Optical fibre cable in practical use con- 
sists of a light-conductive cylindrical core 
of doped silica clad in pure silica—see Fig. 4. 
The refractive index, #9, of the cladding is 


Fig. 10. Because of the continuously varying refractive 
index of graded index optical-fibre cables, rays of light in 
these cables travel along helical instead of linear paths. 


microwave 
resonator 
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about 1% smaller than that of the core, 7. 
This makes total internal reflection possible 
at the boundary between core and cladding 
of all rays of light that enter the cable at an 
angle smaller than the critical (Fig. 5). The 
critical angle, 8, is 


O=arcsinV(1,272), 


and it depends therefore only on the refrac- 
tive indexes my, and fo. If n; = | (vacuum) 
the characteristic curve in Fig. 6 pertains. 
Often, the numerical aperture, NA. is given 
instead of the critical angle: 


NA=sinO=V(11)27732). 


Cable characteristics 


The transient response of an optical-fibre cable 
depends, apart from its geometrical charac- 
teristics pertaining to the core and cladding, 
on its optical attenuation and scattering. 
The attenuation Is largely dependent on the 
wavelength of the input light. It consists of 


creas section 
of cable 


900056-18 


two components: one caused by absorption 
and the other by dispersion. 

The absorption component is specific to 
the glass fibres and can be kept to a mini- 
mum during manufacture, when, for exam- 
ple, oxygen-hydrogen (OH) ions may get 
trapped in the material. Such impurities ab- 
sorb light at a number of wavelengths as 
shown in Fig.7. Note that the attenuation of 
wavelengths around 1300 nm and 1150 nm 
is very small. 

The dispersion component depends on the 
properties of the cable.Jt manifests itself as 
a variation of refractive index with the wave- 
length of the light. 

Some spurious particles will always be 
present in the glass; they come about during 
the melting process. The dispersion caused 
by these particles, which are small com- 
pared to the wavelength of the light used, is 
called Rayleigh scattering, which reduces 
with increasing wavelength—Fig. 7. Scattering 
is an intrinsic property of the glass: it ean- 
not be eliminated. It is partly caused by the 
glass fibres and partly by properties of the 


profile of longitudinal sectinan 


critical angle of cable 


Fig. 11. Diagrammatic representation of the three types of 
optical-fibre cable. That at the top, a stepped index mode type, 
is virtually out of production. 
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Fig. 12. Simplified diagram of production set-up. 
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Fig. 13. Some multi-core optical-fibre cables: top: Fibrespan (made by STC) and below: 
Translite (made by TCL, a subsidiary of General Electric). 
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light input. 

Dispersion results in an increase in pulse 
width of the light during its travel through 
the cable (sce Fig. 8). The increase is pro- 
portional to the distance between sender and 
receiver, that is, the length of the cable. It is 
normally given in picoseconds per kilome- 
tre (ps km-!). 

Mode scattering is caused by the various 
light rays entering the cable at slightly dif- 
ferent angles—sec Fig. 9. It is clear that dif- 
ferent rays travel different distances through 
the cable and this leads to attenuation of the 
input signal. The difference between the 
shortest and longest transit limes, Af, ts 


A=" (My WEN. 


where ” is the refractive index of the core 
material, 7), the refractive index of the cladding 
and ¢ the speed of light. 

The smaller the dispersion attenuation of 
an optical-fibre cable, the larger the trans- 


mission bandwidth. In practice, the band- 
width, B. is B = 0.44/7, with T determined 
at the —3 dB pulse amplitude. 


Practical cables 


A multimode cable is one with a core diam- 
eter sufficiently larger than the wavelength 
of light to allow propagation of light energy 
inalarge number of different modes. Multimode 
cables embrace stepped index and graded 
index types. Stepped index types have a core 
whose refractive index is constantly higher 
than that of the cladding, that is, the index 
changes abruptly at the boundary of core 
and cladding. Owing to mode dispersion, 
the attainable bandwidth of this type of cable 
is limited to about lOO MHz km-!. 

The refractive index of the core of graded 
index cables reduces parabolically by 1% 
from the centre of the core to that of the 
cladding. This results in the light rays trav- 
elling along helical instead of linear paths 
in the cable—see Fig. 10. This 
results in a noticeable reduc- 
tion in transit limes and disper- 
sion attenuation, Dispersion at- 


attenuation in dB 


Fig. 14. Attenuation as function of (a) the distance between 
the cable ends, and (b) radial displacement between the cores. 


tenuation values of 0.2 ns km~! 
and corresponding bandwidths 
of | GHz kin“! are attainable. 
The graded index cable 
has become an international 
(CCITT) standard with a core 
diameter of 50 tm, a cladding 
diameter of 125 um, and a nu- 
merical aperture of 0,2 (Fig. 11). 
A monomode cable is a 
stepped index type whose inner 
core diameter (of higher refrac- 
tive index) is comparable with 
the wavelength of light; this re- 
sults in there being only one 
mode of light propagation. Mode 
dispersion is thus eliminated. 
Monomode cables do not cause 
transit delays, which results in 
very large bandwidths of more 
than 10 GHz km~!. Since the 
attenuation of these cables is also 
small, they are eminently suit- 
able for wide-band and long-dis- 
tance communication, 
Diagrammetic representa- 


Fig. 15, Some commercially available couplers for use with optical-fibre cable. 
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tions of the three types of cable are shown 
in Fig. 11. The most commonly used is the 
graded-index type. The transfer capacity of 
this type of cable is normally greater than 
required. Moreover, the in- and out-cou- 
pling of light is easier with this cable than 
with the mono-mode type. The attenuation of 
commercially available graded-index cable 
is5S—10dB km-!, which ts nota lot worse than 
that of mono-mode cable. On the other hand, 
the dispersion in mono-mode cable is much 
smaller than in multi-mode cable. Owing to 
its high attenuation of 10-30 dB km~! and 
its smaller transfer capacity, the stepped 
index multimode type of cable is now virtu- 
ally out of production. 


Cable manufacture 


Glass fibres are normally manufactured by 
the plasma activated chemical vapour depo- 
sition (PCVD) technology. In this. a mix- 
ture of silicon chloride, germanium chlo- 
ride and oxygen Is passed througha very pure 
quartz tube, This gas mixture causes a plasma 
reaction zone in the field of amicrowave gen- 
erator, which results in the deposition of a 
doped quartz layer (S102) at the internal 
surtace of the tube (see Fig. 12). By axially 
shifting the microwave generator along the 
tube, an even thin layer is deposited, The core 
is built up of some hundreds of such layers. 
By varying the Ge doping of individual lay- 
ers it is possible to obtain a very exact re- 
fractive index profile, which is a prerequi- 
site for large transmission bandwidths. 

The quartz tube is then heated to a tem- 
perature where it collapses into a solid 1.5m 
long glass rod. This rod is then heated to 
near its melting point and drawn into a fibre 
some 15 km long with a diameter of 125 um, 
To prevent damage to this fragile strand, it 
is immediately given a primary coating of 
man-made fibre, Later, a secondary coating 
of man-made fibre is applied to give it the ten- 
sile and mechanical strength required for pro- 
cessing itinto a cable. The protective sheath- 
ing of the cable does not affect the optical 
properties. Over the past few years, multi- 
core optical-fibre cables as shown in Fig. 13 
have become available, which have opened 
up enormous possibilities for improving and 
expanding communications systems. 


Coupling techniques 


Couplers are, of course, required for con- 
necting the optical fibre cables to transmit- 
ters, receivers and repeaters, although ca- 
bles may also be lenghtened by splicing. 
Whether a coupler or a spliced joint is used, 
additional attenuation is the result, which 
depends on the distance between the cable 
ends, and the radial as well as the angular 
displacement between the two cores. Ina 
spliced joint the cables ends are fused and this 
type of coupling therefore gives the lower 
attenuation as shown by curve a in Fig. 14. 
In many cases. however. removable con- 
nections are required and for these there are 
now a number of optical couplers available 
commercially (see Fig. 15). * 


CENTRAL HEATING CONTROLLER 


PART 1: SYSTEM OUTLINE AN 


Most householders these days employ timeswitches to control their 
central heating systems. Many of these switches, however, are of 
the mechanical type, with a limited number of switching steps, and 
with no facilities to vary the program from one day to the next. It is 
only fairly recently that electronic controllers have appeared on the 
scene, and the one described here is designed to give a wide range 
of programming options, which can easily be changed. 


Time = Dy80 
) $C Set preg 


Enter Carice! | 


" 


K. Browne 


HE block diagram of the system is 
shown in Fig. 1, The CPU (central pro- 
cessing unit) isa CMOS version of the popu- 


lar Z80 8-bit microprocessor. This is 
connected to the ROM (read-only memory), 
RAM (random-access memory), display 
unit, key switches and output latch via a 
common 8-bit data bus. 

The ROM contains the control program, 
enabling the CPU to perform the timeswitch 
operations. This IC is a CMOS version of the 
perhaps more common 2764 8Kx8 bit 
EPROM. The control program would actual- 
ly fit in the smaller 2732 4Kx8 bit EPROM. At 
the time of writing, however, the 2732 was 
not available in a CMOS version at a reaso- 
nable price. 

The RAM is a 2-Kbyte CMOS memory 


chip, which is used to store the switching 
program, the current time and other system 
variables. 

Two bits of the output latch are used to 
control the switching relays. A further three 
bits control LED indicators on the front pa- 
nel. 

A mains-derived 50 Hz signal is provi- 
ded for the CPU by the timing section of the 
circuit. This signal is required for timekeep- 
ing purposes. 

The power supply provides a stabilized 
5 ¥ rail for all the circuits. This supply is ei- 
ther derived from the mains, or, in the event 
of a mains failure, from a stand-by battery 
source. The battery can be of the recharge- 
able type, since the PSU also supplies a char- 
ging current. 


MAIN FEATURES 


Microprocessor-controlled 


Programs can be selected on an indi- 
vidual day, weekdays only, weekend 
only, or on an every day basis 


One-shot of repeating programs 


Separate control of heating and hot 
water systems 


Override and inhibit functions 


Battery backup in the event of 
power failure 


The key switches and display unit are 
mounted on a separate PCB. The 6 keys in- 
terface with the data bus via diodes, and per- 
form multiple functions to enable the user to 
program the timeswitch. 

The display unit is a 1-line, 16-character 
LCD (liquid crystal display) module from 
Seiko-Epson, The unit contains its own ROM 
character generator and display RAM. Care 
should be taken when handling the LCD as 
it is quite expensive and easily damaged. 


The circuit details 


Power supply section (Fig. 2) 

Transformer Trt reduces the mains voltage 
to 12 V, which is rectified by diodes D1 to Da, 
and smoothed by capacitor C2 to provide ap- 
proximately 12 VDC, This voltage is used, 
via resistor Ro and diode Ds, to charge the 
stand-by battery, if required. The 12-¥ sup- 
ply is also fed, via D7, toa 5-V fixed voltage 
regulator, IC2. 

Resistor Ri feeds the positive half-cycles 
of the mains frequency to an optocoupler, 
IC}, whose output drives a pulse-shaping 
circuit formed by C1-R3. The resulting short- 
duration positive pulses are inverted by 
IC3F, and subsequently used as a reference 


ELEKTOR ELECTRONICS FEBRUARY 1991 


* 


39 
CENTRAI. HEATING CONTROLLER 39) 


by the CPU to synchronize the timekeeping 
function. Transistor T1, diode Ds and resistor 
Rs form a monitor circuit for the 12-V sup- 
ply. TL is normally on. In the event of a mains 
failure, R4 discharges smoothing capacitor 
C2. When the voltage across C2 falls to about 
8 ¥V,T1 is turned off, providing a power fail 


signal to the rest of the circuit. RELA TOCH 
capi SYSTEM 

The timing section (Fig. 3) Leb OUTPUT 

As previously mentioned, the CPU requires DISPLAY KEYPAD LATCH 


a timing or interrupt signal of 50 Hz. The 
normal supply of this signal is from IC3F in 
the power supply circuit. The pulses are ap- 


je | i j fF CP 
plied to the interrupt input of the Cl U. To SSrincn 
prevent the system losing its timing refer- DATA BUS 
ence when the mains fails, a second source of 


Hz pulses is implemented in the form of TIMING 
an oscillator circuit based on ICy. The fre- 
quency of oscillation is set by resistors R12, 
Kis and capacitor Cy. Preset P13 allows fine 


tuning of the frequency to exactly 50 Hz. The 50Hz SYNC 
power fail indication from TI in the PSU cir- STANDBY 
cuit is connected to the oscillator circuit by BATTERY 


diode Dy. The result is that [Cv provides an 910022 - 11 
output signal only when a mains failure oc- 
curs. 


The CPU circuit (Fig. 4) 
A clock supply for the CPU is generated by 
the circuitaround ICsc, The quartz erystalin Fig. 1. Block diagram of the Z84C00-based central heating controller, 
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Fig. 2. Circuit diagram of the power supply and the 50 Hz timebase, which derives its accuracy from the mains. 
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this circuit is a 2-MHz type. A lower fre- 
quency than the maximum specification of 
the CPU is used in view of the LCD unit, 
which can only operate with signals up to 
3 MHz. The 8-bit data bus is connected to the 
ROM, ICs, the RAM, ICs, and the output 
latch, IC?. Twelve of the address lines, AO to 
A11, arealso connected both to the ROM and 
the RAM ICs. The remaining address lines, 
Al2 to Al5, are used to select various ICs 
connected to the data bus. A number of gates 
in ICs ‘AND’ these address lines with the 
MRQ (memory request) output from the 
CPU, to provide the correct timing. A truth 
table of the address decoding logic is shown 
in Table 1. 


Display module and key switches (Fig. 5) 
The 8-bit data bus from the CPU, along with 
two of the address lines, AO and A1, is ex- 
tended through to the display PCB. The six 
key switches, SW20 to SW25, are connected 
direct to individual lines of the data bus. 
Pressing a key, however, has no effect unless 
the [ORQ (input/output request) line of the 
CPU is low, This terminal is normally high, 
and only taken low when the CPU requires 
to read the key switches. It does this peri- 910022 - 13 
odically under software control. Whena key 
is pressed during a CPU read cycle, the ap- 
propriate data line is pulled low via one of 
the diodes Dan to Dos, If two or more swit- Fig. 3. Circuit diagram of the mains-synchronized timebase. The interrupt pulses supplied 
ches are pressed at the same time, this prob- _ by this circuit are fed to the microprocessor. 
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Fig. 4. The heart of the controller is formed by a computer system based on Zilog’s 284C00 8-bit CMOS microprocessor. 
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Fig. 5. The display circuit of the CH controller is based on an intelligent LCD module from 
Seiko-Epson. 
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° 


Output latch 


Display module 


Table 1. Address decoding in the microprocessor system. 


Instruction Register (write) 


Data Register (write) 


Instruction Register (read) 


Data Register (read) 


Table 2. Display module register selection. 
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Fig. 6. The relay driver circuit that forms 
the link between the controller and the CH 
pumps, valves and the boiler. 


lem is sorted out by the software. 

The display module proper is self-contai- 
ned. The CPU writes data to, or reads data 
from, either the control or the data registers 
in the display module. Access to the registers 
is controlled by the two lower address lines, 
AO and A1, and by address line A15 (see Ta- 
ble 2). A summary of the control codes and 
character set available in the display module 
is detailed in Table 3. 

Preset P20 is provided to adjust the con- 
trast of the display. Four LEDs are also ac- 
commodated on the display PCB. LED20 and 
LED21 indicate the state of the ‘hot water’ 
and the ‘heating system’ respectively. LED22 
is used to indicate the state of the inhibit con- 
trol. These three LEDs are controlled by the 
CPU via the output latch and driver transis- 
tors T20, T21 and T22. LED2a indicates that 
mains power is present to the unit. 


Relay section (Fig. 6) 

Twochangeover relays, RL1 and RL2, control 
the actual central heating system. They are 
operated by the CPU via the output latch 
and the drivers, T2 and T3. 4 


Continued next month. 


f “pesca will, none the less, ner lent 
of electronic engineering. Each project in the series will be iS 
inexpensive and commonly available | | : 


SIMPLE FUNCTION GENERATOR 


The test instrument presented here is capable of supplying 
sine-wave, square-wave and triangular-wave signals with an 
adjustable amplitude of 0 to 12 V. The square-wave output in 

addition offers a fixed 5-V level for easy use with digital circuits. The 
frequency range of the generator is 2 Hz to 25 kHz. 


D. Harkema 


F you are into testing and designing elec- 

tronic circuits at almost any level, a fune- 
tion generator and an oscilloscope are 
indispensable instruments on the work 
bench, Sine-wave signals produced by a 
function generator are typically used to 
check the frequency response and power 
output of audio amplifiers, and to align fil- 
ters. The triangular waveform, often mis- 
takenly referred to as ‘ramp’ or ‘sawtooth’, 
enables you to measure the cross-over dis- 
tortion of a balanced amplifier. The square- 
wave output has the widest application 
range: it is generally used for overshoot, tre- 
quency response and pulse response meas- 
urements on audio amplifiers. Applied to 
digital circuits, the square-wave function is 
often used to provide a variable clock gener- 
ator. For this purpose, the generator output 
level is either 5 V for TTL circuits, or 12 V 
(generally) for CMOS circuits. In any case, 
make sure you know the supply voltage of 
the digital circuit connected to the generator, 
and the required drive level of the logic ICs. 


Integrator 


To help you in locating the individual cir- 
cuits that together form the function gener- 
ator, and understanding the basic function of 
each of these circuits, the simplified schema- 
tics are first discussed with reference to 
Fig. 1. For convenience, the part reference 
numbers in the simplified schematics corre- 
spond to those in the full circuit diagram, 
discussed further on. 

The first sub-circuit is an integrator 
(Fig. la). When a constant voltage is applied 
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to the input, capacitor C1 is charged with a 
constant current. Hence, the voltage across 
Ci rises, in principle, linearly as a function of 
time, and not according to a logarithmic 
function (e-curve) as in a_resistor-based 
charging circuit. The opamp is responsible 
for this linearization of the charge voltage. 
Since the inverting input of the opamp forms 
a virtual ground, all input current is, in prin- 
ciple, sent into the capacitor. This means that 
the capacitor charge current is equal to the 
current that flows through the input resistor. 
This current is simple to calculate since the 
value of the resistor is known, and the volt- 
age across the resistor equals the input volt- 
age. In the present circuit, there are only two 
voltage levels, ‘high’ and ‘low’. You have 
guessed it: the integrator is driven by a 
square-wave signal. 

The capacitor is charged by the ‘high’ 
voltage level, and discharged by the ‘low’ 
voltage level. Because of the integrating 
operation of the capacitor, its right-hand ter- 
minal supplies a triangular voltage, which 
corresponds to the charge voltage (remem- 
ber that the left-hand terminal of the capaci- 
tor is at ‘virtual’ ground). If you want to 
demonstrate the operation of the integrator, 
use a large time constant by fitting a capaci- 
tor of say, 1 LF, for Ct, and a resistor of 1 MQ 
at the opamp input. These component values 
make the integrator so slow that a simple 
multimeter connected to the output will 
clearly indicate a slowly rising and falling 
voltage when the input is taken low and high 
{in that order because of the inverting func- 
tion of the opamp). 


Schmitt trigger 


The previously mentioned square-wave sig- 
nal that drives the integrator is supplied by 
an oscillator based on a Schmitt-trigger. The 
basic schematic of this circuit is given in 
Fig. 1b. Like the integrator, the Schmitt-trig- 
ger is based on an operational amplifier. Re- 
sistor junction R12-Ri3 is connected to the 
non-inverting opamp input and causes posi- 
tive feedback instead of negative feedback as 
with the integrator. Contrary to a ‘normal’ 
circuit with positive feedback, however, the 
Schmnitt-trigger sees its output voltage reach 
the full positive and negative supply level. 
When the input voltage is sufficiently posi- 
tive, the output voltage reaches the positive 
supply level. When a negative input voltage 
is applied, the opamp output voltage is 
nought. The feedback resistor between the 
input and the output of the opamp also en- 
ables the circuit to settle in one of two stable 
states, like a flip-flop. The opamp can be 
made to change state by applying a suffi- 
ciently high reverse voltage to the +input. 
This happens when the voltage at the resis- 
tor junction exceeds that at the inverting 
input of the opamp. Hence, there is a certain 
degree of hysteresis. If we apply a sine-wave 
to the circuit, the output will not go high 
until the instantaneous amplitude of the 
input signal is a little higher than 0 V. Simi- 
larly, the output goes low when the input 
signal is a little below 0 V. The upshot is that 
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Fig. 1. The main sections of the circuit are 
formed by an integrator (Fig. 1a), a Schmitt- 
trigger (Fig. 1b), and a sine-wave shaper (Fig. 
1c). 


the circuit in Fig. 1b converts a sine-wave 
into a square-wave. 


Generator 


A signal generator is created by combining 
the circuits in Fig. la and Fig. 1b. In prin- 
ciple, all that is required is to connect the out- 
put of one circuit to the input of the other. 
This results in positive and negative levels at 
the input of the integrator, enabling the ca- 
pacitor to be charged and discharged. The 
Schmitt trigger receives positive and nega- 
tive levels from the integrator. In this con- 
figuration, the inverting function of the 
integrator, the delaying effect of the capaci- 
tor, and the hysteresis of the Schmitt-trigger 
together ensure that the circuit oscillates. In 
other words, what we have on paper at this 
stage can be used as a signal generator. 


Sine-wave shaper 


As already noted, the function generator is 
capable of supplying a sine-wave signal. 
Here, the sine-wave output is obtained from 
the triangular waveform. The circuit that 
performs this function is shown in Fig. 1c. 
The two anti-parallel diodes, D1 and D2, play 
a crucial role. Their non-linear current-volt- 
age characteristic causes the peak excursions 
of the triangular signal to be ‘crushed’. The 
resulting waveform is a crude approxima- 
tion of a sine-wave that needs to be passed 
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through a low-pass filter to clean up the sig- 
nal. 

The two diodes and R23 form a potential 
divider (p.d.). Since the lower branch of the 
p-d. has a non-linear behaviour (it is not a 
pure resistance), the ratio of the resistance in 
the upper branch to that in the lower branch 
is voltage-dependent. This is caused by the 
internal resistance of the two diodes, which 
is low at a high input voltage, and high at a 
low input voltage. The effect of the non-li- 
near p.d. is that the difference between the 
maximum and minimum levels of the input 
voltage (a triangular waveform) becomes 
smaller. That is precisely what we are after: 
the peaks of the triangular wave must be 
‘crushed’ to give the round parts of the sine- 

wave, and the part around the 0 V potential 
must be ‘stretched’. The circuit in Fig. 1c 
achieves this goal, although its output wave- 
form is not a perfect sine-wave. 


The complete circuit 


In the circuit diagram in Fig. 2 we find the in- 
tegrator, ICia, in the top left-hand corner, 
The Schmitt-trigger, IC2, is seen to the right 
of the integrator. The circuit around IC3 pro- 
vides the Schmitt-trigger, [C2, with an accur- 
ate symmetrical supply voltage. ICid is a 
standard amplifier set up to function as a 
buffer. 

The power supply of the function gener- 
ator is symmetrical with output voltages of 
+15 V and —15 V with respect to ground, The 
previously mentioned low-pass filter is 
formed by the circuit based on opamp [Cip. 
Referring back to the basic circuit diagram of 
the integrator, Fig. 1a, the series combination 
of a resistor and a capacitor makes the re- 
sponse dependent on the frequency of the 
input signal. In essence, this creates a filter 
function, If we want to use the capacitor to 
enable the circuit to ‘remember’ the applied 
voltage, its function is that of an integrator. 
Conversely, if we want the capacitor to intro- 
duce more attenuation for high frequencies 
than for low frequencies, its use in combina- 
tion with a resistor creates a low-pass filter. 
Hence, the circuit in Fig. la functions as an 
integrator as well as a low-pass filter. 

For the moment, we will consider the cir- 
cuit in Fig. 1a as a low-pass filter. If a resistor 
were fitted in the position of the capacitor, 
the circuit would function as a normal, 
opamp- -based amplifier, of which the voltage 
gain is not dependent on the frequency. 
However, because of its reactance, the capa- 
citor makes the voltage gain of the circuit fre- 
quency-dependent. Since the reactance of a 
capacitor drops with frequency, the circuit 
functions as a low-pass filter that suppresses 
some of the higher harmonics of the con- 
verted triangular signal. 

In the circuit diagram of the function gen- 
erator, the feedback capacitor in the low- 
pass filter, IC1b, is selected by a switch, Sta. 
The frequency determining capacitor are C5— 
Cs. The integrator capacitors, Ci—-C4, are also 
selected by a switch, in this case Sib. The 
switches that select the components are 
coupled to make sure that the frequency ran- 
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Fig. 2. Complete circuit diagram of the function generator. Note the special symmetrical power supply for integrator opamp IC2. 
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| Fig. 3. A little cutting and filing does the trick: how to turn a single potentiometer and a 
| stereo potentiometer in a ganged triple type. 


Fig. 5. Oscilloscope photographs of the 
waveforms produced by the function gener- 
ator. Top: square wave; centre: sine wave; 
below: triangular wave. 


ges of the low-pass filter correspond those of 
the square-wave / triangular-wave generator 


ty 
f based on [C ta and IC2. 
Fig. 4. Practical realization of the triple ganged potentiometer on the generator PCB. The trequency of the signal produced by 
the square wave/ triangular wave oscillator 


is determined by the charge/discharge rate 
of the integrator capacitor, the capacitor 
value and the charge voltage. The coarse fre- 
quency setting is effected by selecting a capa- 
citor with the aid of a rotary switch. A 
potentiometer, Pl, is used for the ‘fine’ fre- 
quency adjustment. Two further poten- 
tiometers, P2a and P2b, are used to adjust the 
low-pass filter. Since the low-pass filter must 
track the generator frequency, P2 is coupled 
mechanically to Pt (see the drawing in Fig. 3 
and the photograph in Fig. 4.) 

The power supply of the function gener- 
ator is conventional with a symmetrical 15 V 
output. The +15 V supply voltages are used 
for all parts of the circuit except opamp IC2, 
which requires a more accurate symmetrical 
supply voltage to ensure that its output sig- 
nal is an exact square wave. Opamp [G3 
forms a stabilizer for (C2, Normally, pin 3 of 
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COMPONENTS LIST 
Resistors: 
8° 22kQ Ri,R4R7,R10,. 

R21 ,.R23,R26,R29- 
3° 2kQ2 R2,A5;R8 ee 
5 10kQ R3,R6,R9,R19,. 

R28 
3 220kQ R11,R12,R13 
3 100k Ri14,R30,R31 
2 1kQ Ri5,R16. 

2. 22k 1% R17,R18 
1 47kQ R20 
4 4kQ7 R22 
| 4 -1kQ2 R24 
1. 2kQ7 R25 
1. 1kQ8 R27 
1 50kQ linear potentiometer . P41 
1 5O0kQ linear stereo ; 
potentiometer P2 
1 1kQ linear potentiometer P3 
Capacitors: 
2 270nF C1,C5 
2 27nF C2,C6 
2 2nF7 C3,C7 
2 270pF C4,C8 
| 3 100nF C9,C14,C15 
1 47uF 25V radial C10 
1. 15pF ct 
2° 470uF 40V radial 012,013 
Semiconductors: 
3. 1N4148 D1;D2;D3 
{. 1. 10V 400mW zener diode D4 
1 LED ‘5mm red D5 
1 Bg0C1500 B1 
1 TLO74 IC1 
1°. CA3130 IC2 
1 LM741 IC3 
1° 7815 IC4 
1. 7915 ICS 
Miscellaneous: 
1 -PCB-mount transformer Tr 
2x15V @ 2x107mMA ; 
2 2-pole 6-way rotary switch S$1;82 
1. mains appliance socket K1 
w. built-in fuseholder 
and 50mA fuse 
1 BNC socket 


1 2-way PCB terminal block . K3 
enclosure. LC730 (manufacturer: Telet; 
supplier: C-| Electronics): ee: 


IC3 is held at ground potential by a symme- 
trical potential divider, Ris-Ris. The output 
of [C3, pin 6, is therefore also at ground 
potential. However, when the +15 V input 
voltage is not exactly symmetrical (for 
example, when the +15 V voltage is a little 
higher than the +15 V voltage), the voltage at 
pin 3 of ICs rises. Consequently, the output 
of IC3 will try to track this change by raising 
the output voltage. This is not possible, how- 
ever, since the output is connected to 
ground. The result is that a positive current 
flows from the output of [C3 into the ground 
line. Since this currentis supplied via R15, the 
voltage drop across Ris rises, so that the 
Fig. 6. Design of the single-sided printed-circuit board for the function generator. Note that — positive supply voltage of [C2 (pin 7) drops. 
the complete power supply, including the mains tansformer, is accommodated on this board. In this way, the too high supply voltage is re- 
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duced and stabilized. The operation of the 
stabilizer is the same for too high levels of the 
negative supply voltage, -15 V. The zener 
diode in the stabilizer, Da, limits the output 
voltage of IC2 to 10 Vpp. 

The circuit based on [Cid is a buffer with 
a short-circuit resistant output (connector 
K2). The potentiometer at the input of the 
buffer, P3, forms the output level control of 
the function generator. The output voltage 
available at K2 can be set between 0 V and 
12. 

The waveform selection is accomplished 
with a four-way, 2-pole switch, S2a/2h, con- 
nected ahead of the buffer. The square-wave 
setting has two options: a fixed output volt- 
age of 5 V for TTL circuits, or 0 V to 12 V 
(variable) for all other applications. The posi- 
tive half-cycles of the 5-V square wave are 
obtained from the output Sager of 1C2, A 
diode, D3, passes only the positive half- 
cycles to a potential divider, R20-R21 and a 
buffer, ICid. The photographs in Fig. 5 show 


the waveforms produced by the generator. 
906060-F : ' 


Construction 


The function generator is best built on the 
printed-circuit board shown in Fig. 6. A sug- 
gested front-panel design is shown in Fig. 7. 
The connection of the range select switches 
to the board involves quite a few wires, so 
make sure you understand the pinning of 
the rotary switches. Keep all wires as short as 
possible. Also note that the connections to 
the output buffer, (Cid, are made with three 
screened cables (refer back to the circuit di- 
agram in Fig. 2), The photographs in Figs. 8 
and 9 show oO completed circuit board, 
view ed from the component side and the 
track side respectively. The board is fitted on 
four short plastic PCB spacers to avoid any 
risk of the mains-carrying PCB tracks touch- 
ing the bottom cover of the metal enclosure 

a 


Fig. 7. Suggested design of a front panel for the function generator. 


— 


Fig. 8. Completed printed-circuit board viewed from the component side. 


i 


Fig. 9. Solder side view of the printed-circuit board. 
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SERIAL VIDEO CARD 


This design, based on a 
6847 video display 
generator and the 8031 
single-chip 
microcontroller, provides a 
simple solution to the 
problem of interfacing 
serial ASCII data for 
display on a monitor. 


R. Grodzik 


HE unit proposed here is basically a 

simple terminal for use with small com- 
puter systems that do not have their own dis- 
play interface, but are capable of supplying 
serial RS-232 or inverted TTL ASCII data. 
The serial video card is capable of working at 
a selectable bit rate, and has a RAM (ran- 
dom-access memory) with storage capacity 
for up to 16 pages (or screens) of informa- 
tion. 

As shown in the block diagram, Fig. 1, 
the system has two push-buttons; one is used 
to leaf forward through the pages of text, 
while the other, the reset key, is used to initi- 
alize the system, to home to the first text 
page, and to configure the bit rate on the se- 
rial input channel. 

The unit has been designed as a mini- 
mum text display device with a reduced 
character set displaying upper-case charac- 
ters only, Lower-case characters sent by the 
computer are displayed as upper case. The 
available character set is listed in Table 1, 
along with the line and page control codes. 

The RAM in the system allows 16 screens 
of alpha-numeric data to be stored and dis- 
played one ata time, providing a total capa- 
city of 8,000 characters, The screen mode is 


Table 1. The character set 


‘carriage retuin 
‘backspace 
: horizontal tab 


organized as 16 lines with 32 characters per 
line, giving 512 characters per screen. If the 
amount of data received at the serial input 
exceeds the screen capacity, the next page is 
automatically selected, until all 16 pages 
have been filled. Furthermore, there is an 


automatic wrap-around facility when the 
earlier data in the first page is overwritten. 


Applications 


I am often asked “Whatl fs it for?" or “What 

docs if do?", when completing a design. Well, 

the answer is: it depends on you. Here are a 

few examples of what my colleagues have 

come up with: 

- Aserial keyboard which provides an 
ASCII encoded output (note that IBM 
PC keyboards are not suitable as they 
produce their own unique codes). The 
serial keyboard is connected to the 
input of the video card to give a basic 
text display terminal. 

- Connected between a modem and a 
television receiver, incoming computer 
data can be displayed on your TY set. 
This application may be of interest to 
the deaf and hard of hearing. 

- A video answering machine? 

- A teaching aid. 

- With additional battery back-up for the 
video RAM, text can be downloaded 
from a computer station for subsequent 
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Fig. 1. 


remote display ona TV set or a monitor. 
- A video carousel for promotional and 
advertising purposes. 


Circuit description 


The complete circuit diagram of the serial 
video card is given in Fig. 2. On power-up, 
or pressing RESET button SW1, the hexadect- 
mal switch SW is read by IC2, a single-chip 
computer, and the bit rate on the serial input 
channel is initialised. Table 2 lists the bit 
rates that can be selected by SW3. The word 
protocol follows the most commonly used 
format with 1 start bit, $ data bits, 1 stop bit 
and no parity. 

The serial data applied to the circuit is 
converted into parallel data by the system 
firmware, and subsequently sent to the vi- 
deo RAM, ICiu. For this to be accomplished, 
the tri-state buffers IC4, 1C5 and [Ce are ena- 
bled by address line A15 and WR lines of the 
8031. At the same time, the video generator, 
ICy, and the data and address buses are swit- 
ched toa high impedance state by ICsp, and 
the system EPROM, IC], is disabled by A15. 
One databyte is thus transferred from the 
8031 on to datalines DU-D5, Databit D6 is 
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EPROM 
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2K 


a7 Buffer 


0 
Tristate 
p7_ Buffer 


lost since it not required by the character 
generator. Dataline D7 on IC 10 provides a re- 
verse video facility during the power-up self 
test, when the entire available character set is 
generated, a screenful of each character. This 
test feature is useful ifan address or data line 
is open or shorted, since the monitor will 
show up either fault. 

Once the video RAM has been updated, 
the tri-state buffers IC4, ICs and [Co are disa- 
bled, the IC9 buses are enabled, and address 
lines AO-A8 are strobed by [C9 to access the 


Video Display Generator 


SERIAL VIDEO CARD a9 


COMPOSITE 


VIDEO OUT 


Current 
Amplifier 


UHF OUT 


Modulator 


910013 - 11 


Block diagram of the serial video card. At the heart of the circuit is a 80C31 single-chip microcontroller. 


ASCI data. Data goes into [Cs on lines DDO- 
DDS, and is converted into a composite seri- 
al video signal on pin 28 of IC9. 

The video signal is inverted by transistor 
T1, and buffered by T2 to drive the 73 Q load 
formed by the monitor input. Two outputs 
are provided: K2 supplies the 1 Vpp 75-Q 
composite video to the monitor, while K1, 
the phono-type socket on the TV modulator, 
supplies a modulated RF signal at 
591.5 MHz in the UHF TV band, for connec- 
tion to the aerial socket of a domestic televi- 
sion receiver. 

Subsequent serial asynchronous data 
words are fed to the video RAM. After 512 
characters, port address P1.0-P1.3 on the 
8031 increments, which, in turn, selects the 
next block of 512 locations in Civ. Address 
Imes A9-A12 of ICin provide 16 pages of text 
storage capacity. 


About the Video Generator 


Each character on the screen is consists of a 
pattern of light and dark dots. Dot patterns 
for the desired characters are stored perma- 
nently in the character generator, as illus- 
trated in Fig. 3. This simplified block 
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Fig. 2. Complete circuit diagram of the serial video card. 
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Fig. 3. Simplified block schematic of the video generator. 


diagram show's how a chain of counters are 
cascaded to provide the timing required for 
the monitor circuitry, 

The clock signal for the video generator is 
derived from an inexpensive 3.579 MHz 
(NTSC subearrier) quartz crystal. The dot 

clock signal enables the video dots to be clo- 
cked out of the shift register. As the first AS- 
Cll character in RAM is accessed by the +226 
counter, the character generator is addressed 
via data lines DO-DS5. The dot information 
required to produce the first dot row of the 
character resident in the character generator 
is presented to the parallel-in, serial-out shift 
register. The dot clock is used to shift out the 
eight dots required to turn the CRT (cathode 
ray beam) beam in the monitor on or off, 
which produces the first line of dots for the 
character. 

The address on lines AQ—A4 increments 
once every eight dot clock cycles to address 
the next ASCII character in RAM, and the 
first dot row of this character is clocked out 
to the CRT. Address lines AOQ—A4 can select 
one of 32 characters needed for a complete 
line of text on the screen. 

The output of the +226 counter produces 
a line syne pulse after the first dot row of all 
32 characters is clocked out. The +12 counter 
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COMPONENTS LIST 


74HC373 
74HO244 
74HC245 
74HC125. 
74HCOO. 
74HC04 
6847 
6264 


Ri 

R2 

R3 
R4:R5 
R6 

R7 

R8 
R9;R10 
R11 Miscellaneous: 
R12 12 MHz quartz ‘crystal. 

3.579 MHz qui 


ae ee ee er ee ee 


Ct 

c2 

C3;C4;C5 
C6;C7 

IC decoupling 
capacitors 


D1 

Ti 
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C1 
C2 
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ooo0g: 
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00480: 
00490: 
DO4A07 
OO4BO0: 
oo4co: 
OO4D0: 
OO4EG? 


Fig. 4. 


then increments to point to the next lower 
row of dot patterns for the same 32 charac- 
ters. As the CRT beam sweeps across the 
screen, the dot information of the sub- 
sequent 11 rows of each character is traced 
on to the screen after every line sync pulse. 
When all 12 rows of all 32 characters are 
traced, the +22 counter increments the ad- 
dress on lines A5-A8, and the next screen 
row of 32 RAM-resident characters is ad- 
dressed. The dot information for these char- 
acters is clocked out as described above. 
When 16 lines of characters have been dis- 
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Hexdump of the control program that resides in the system EPROM, a 27C16. 


played on the monitor, the final output of the 
+22 counter issues a vertical sync pulse re- 
quired by the monitor circuitry to restart the 
raster scan, by which time all the counters 
have been re-initialized to zero. Thus, all 512 
characters are continuously refreshed to the 
monitor, 60 times per second, corresponding 
to about three million dots per second. 

External lines A9—A12 on the 8031 allow 
one of 16 different blocks of 512 characters to 
be addressed, providing a total of 16 screens 
of information. 

In addition to the chain of counters, addi- 


tional circuitry is needed to produce a blan- 
king (beam retrace) signal for the monitor, 
and also to combine the vertical and horizon- 
tal syne signals with the serial dot stream. 
The combination of these signals is called the 
composite video signal. 

The complex functions described in rela- 
tion to the video generator circuitry are ac- 
complished by a VLSI (very large scale 
integration) [C, the 6847 from Motorola. This 
chip thus performs the definitely non-trivial 
task of interfacing a microprocessor to a 
computer monitor or television set. 


Construction notes 


The serial video card is built on a double- 
sided, not through-plated printed circuit 
board of Eurocard size (10x16 cm), The 
author's prototype is shown in the introduc- 
tory photograph. For constructors wishing 
to burn their own EPROM for this project, 
the content of the 27C16 is given in Fig, 4. 

It is recommended that all ICs be fitted in 
sockets, particularly ICs, which is static sen- 
sitive. The usual precautions, such as groun- 
ding the circuit board and yourself, should 
be taken. Be sure not to wear a nylon shirt or 
pullover when handling any of the ICs. 

All logic ICs must be devices from one 
and the same family, in this case the HC se- 
ries. Mixing HC series with standard 74 se- 
ries ICs will produce timing errors and 
random display of information, since the in- 
put and output voltage thresholds are in- 
compatible. 

Ceramic decoupling capacitors should be 
fitted directly on the supply pins of the ICs, 
at the track side of the board. 

Printed circuit linking pins, totalling over 
150, are inserted from the component side 
during the initial stages of construction, The 
holes for these pins are drilled at a diameter 
of 0.8 mm. Care should be taken while solde- 
ring, since solder bridges are easily made. A 
watchmakers’ eyepiece is useful for inspec- 
ting the board, since solder whiskers can ea- 
sily evade the human eye. Once the linking 
pins are in place, the IC sockets are soldered 
in. Next, fit the discrete analogue video com- 
ponents. Then follows the ready-made UHF 
modulator, which is also static sensitive, 

Finally, the power supply to the board is 
5 V, ata total current consumption of about 
200 mA. a 
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MIDI-TO-CV INTERFACE 


Older monophonic synthesizers have the disadvantage that they 
cannot be controlled via a Musical Instrument Digital Interface— 
MIDI. Since most owners of these synthesizers, which are rightly 
renowned for their excellent sound , would be loath to get rid of 
them just yet, this article describes an interface that enables these 
units to be controlled via a MIDI, provided they conform to the 


 Wipciont ue a to the MIDI is made via a 
standard MIDI IN socket that is located 
on the printed-circuit board of the present 
interface, A MIDITHRU / OUT socket enables 
additional MIDI compatible equipment to 
be controlled. The MIDI receive channel of 
the present interface is sect via a 4-pole DIP 
switch. 

Connection from the interface to the syn- 
thesizer is via two 6.3 mm audio connectors: 
one for the control voltage—CV (1 V/oc- 
tave) and the other for the gate signal. Either 
a positive or a negative gate signal may be 
selected. 

The interface receives MIDI note-on and 
note-off instructions from whichit gathers the 
control voltage and status of the gate needed 
to be supplied to the synthesizer so that this 
produces the tones associated with the MIDI 
data. The MIDI code for the touch control is 
not involved and is of no further interest 
here. 

Inconformity withaccepted standards, the 
interface software uses MIDI controller no. 36 
as the reference tone for 0 V, that is, MIDI 
tone value 36, equivalent to low C ona stan- 
dard 5-octave keyboard, is produced when 
the CV output is 0 V. The maximum tone 
range is 5 octaves, produced by a control 
voltage range of 0-5 V. 

The interface is powered by an external 
mains-operated supply: the three required 
voltages are derived on the interface board. 


Circuit description 


The MIDI signal is applied to serial input 
P3.0 (pin 10) of microcontroller IC; via the 
obligatory optocoupler, IC,. The program, 
stored in ICs, responds to note-on and note- 
off commands in the MIDI channel selected 
with switches SW,-SW 4. It computes from 
the MIDI data the corresponding analogue 
voltage, later converted into digital form, and 
the status of the gate. The voltage is avail- 
able in digital form at the 8-bit port P1, which 
is connected with the digital inputs of 8-bit 
analogue-to-digital converter LCy. The output 
of this converter is a voltage that is directly 
proportional to the digital value at port P1. 
The scale of the control voltage is set by 
opamp ICs, whose gain is varied with the 
aid of preset P). 
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1 V/octave logarithmic standard. 
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Fig. 1. Circuit diagram of the MiDI-to-CV interface. 
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5 ELECTROPHONICS 


The status of the gate is available simul- 
taneously at port lines P3.6 and P3.7. Depending 
on the software, P3.6 is active high (.e., +5 V 
with key depressed) or active low (i-e., 0 V 
with key depressed). 

The heart of the interface is microcon- 
troller IC), which consists of an 8-bit micro- 
processor, 128 byte RAM, four ports of eight 
lines (bits) each, PO-P3, a serial interface with 
programmable baud rate, and two 16-bit 
counter / clocks, Note that the difference be- 
tween a Type 8031 and a Type 8051 IC is that 
the former has on-board ROM. If, therefore, 
an 8051 is used, its internal ROM must be 
switched off via pin 31 (EA), since the pro- 
gram is stored in an external ROM. A more 


PARTS LIST 


et 5 
iin ka, 25un reset 


citors: 
Gy, =22 pF, sala 
C_=6.8-10 fit 16 V, tantalum 
C,=10 nF, ceramic 
Cs, Ce=t 00-470 uF, 10 V, upright 
C7, Cg=1.5-6.8 uF, 16V 
Cg9=100 nF 
Cio-Cy2=1.5-6.8 UF, 16 V, or 

10-100 dash ceramic 


Seinieonductory: 
D,=1N4001-1N4007 

Do, D3, Dg=1N4148 

Dg (Ds')=LED ta 
Dg=zener, 7.5 V (ZPD 7V5) 
Dz=zener, 3 V (ZPD 3V0) 
IC;=SAB8031 or SAB8051 
I\Co=2764 EPROM 
IC3=74HC573, 74HCT573 © 
IC4=ZN426E-8 

IC5=TLO61 

iCe-CNY1 7A 

WO7=7805 


Miscellaneous: 
X,=12 MHz crystal 
Fasten DIP switch 


detailed description of the 8031/8051 may 
be found in Ref, 1. 

Since the 8051 has no separate terminals 
for address and data buses, ports PO and P2 
are used for this purpose. Port PO serves as a 
multiplexed address-cum-data bus for the 
eight lowest bits, and P2 as that for the eight 
highest bits. 

Circuit [C>, an eight-fold latch, assumes 
the cight lowest addresses from port PO at 
the trailing edge of the ALE (address latch 
enable) signal. The eight highest addresses 
are provided by P2.0-P2.4. From the leading 
edge of the ALE signal onwards, PO func- 
tions again as data bus. 

The program is stored in ICy, an EPROM 


TSA DC = 


‘Tvpe 2764. Although this is available read y- 
programmed, it may, of course, be programmed 
to individual requirements. 

The 8031/8051 has a complete serial in- 
terface, i.e., input and output, as required 
for MIDI operation. When a 12 MFIz clock is 
used, the internal baud rate generator is ad- 
justed via the software to operate at31.25 kHz. 
The input of the interface is ?3.0 (RD=read) 
and the output is P3.1 (WR=write). 

The MIDI input circuit is based on opto- 
coupler IC,. Input resistor Ry limits the cur- 
rent through the photodiode, while D2 pro- 
tects the LEDagainst negative input voltages. 
The open-collector output of the optocou- 
pler is connected to serial input P0.3 and to 
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Fig. 2. Printed-circuit board for the MIDI-to-CV interface.(not available ready-made). 
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the +5 V supply via pull-up resistor Ro. 

The MIDI OUT socket is connected via 
the obligatory 220-Q resistors, Ry and Rs, to 
P3.1 and the +5 ¥V line respectively. 

Components X;, C), and Co are the exter- 
nal elements for the internal clock oscillator 
of the 8031/8031; their values are as speci- 
fied by the manufacturers. 

Resistor R; and capacitor Cy provide the 
reset signal at power-on. The EA terminal, pin 
31 of [Cy, is connected to earth to ensure that 
when an 8051 is used, its internal ROM is 
switched off. 

Port terminals P1.0-P1.7 are connected to 
the digital inputs of digital-to-analogue con- 
verter—DAC—ICy. The analogue output of 
this device has a potential that is directly 
proportional to the digital value at ?1.0-P1.7 
and the reference voltage at the RIN input, 
pin 5, of ICy. 

At the reference voltage output (ROL'T), 
pin 6, of ICy a constant, temperature-stable 
reference voltage of 2.5 V is available, The out- 
put is connected according to manufactur- 
ers' specification to ground via Cy, to the 
+9 V line via R,, and directly to RIN. 

Since the analogue voltage range of ICy is 
only 0-2.5 V, and cannot be preset, the out- 
put voltage is applied to opamp ICs. The 
gain of this amplifier is preset with [? to ob- 
tain the wanted voltage range of 0-5 V, cor- 
responding to a tone range of five octaves. 
Preset P| is a 25-turn helical type to ensure 
precise setting of the control voltage. 

The outputs of switches SW )-SWy, are 
monitored by ports P3,2-P3.5, Since these 
ports are connected internally to the +5 V 
line via resistors, pull-up resistors are not 
needed at their input terminals, 

When the relevant switch is open, the as- 
sociated port is high; when the switch is 
closed, the port is low. 

The switches serve as channel selectors 
(MIDI channels 1-16). When the unit is switched 


channel 1 channel 2 channel3 


OFF 


channel5 channel 6 channel? 


ON 


channel 9 channel10 channel 11 


ON 


channel 13 channel14 


ON 


Fig. 3 Setting of MID! channels with the DIP switches. 
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on, the software ascertains the position of each 
of the switches, whichis translated intoa MIDI 
channel number. Switch SW’, has the lowest 
value, i.e., 1, and SW, the highest, ie., 8. The 
MIDI channel numbers 1-16 result from the 
addition of 1 to the (converted) digital val- 
ues 0-15, since the counting in MIDI tech- 
nology is from 1 to 16. 

Port P3.6 provides the gate signal. To en- 
sure that its potential is high enough, the 
port is connected to the +5 V line via pull-up 
resistor Ry». 

Port P3.7 provides the gate indication sig- 
nal: it is connected to an LED, Ds, via Ro. 


: 


The other terminal of the diode is at +5 V. 


This way of operating the diode is advanta- . 


geous, since the 8031/8051 ports can draw 
higher currents when they are low than when 
they are high. The LED lights when P3.7 is 
low, 

The +5 V supply for the digital part of the 
circuit is derived from an unregulated volt- 
age of 9-12 V, available at K;, via protection 
diode 1D, and integrated voltage regulator IC>. 
The interface also needs a negative and a 
higher positive voltage for opamp ICs. In 
the present circuit, these were chosen at—3 V 
and +7.5 V: both these voltages are stabi- 
lized by appropriate zener diodes, Note that 
the —3 V line can provide a current of only 
0.5 mA maximum. [tis therefore impossible 
to replace the Type TL061 by an ‘equivalent’ 
type, such as the tA741, TLO8L or TLO71, 
since all these draw a higher current and 
this would damage the -3 V part of the power 
supply. 


Construction 


The entire interface is housed on the printed- 
circuit board shown in Fig. 2. Only two wire 
bridges are needed: ‘U’ and ‘gate’. 

If audio connectors are used for CV-OUT 
and Gate-OUT, two jump leads (J; and J>) 
must beconnected be- 
tween K; and Ko». 
Diode Ds' must be 
soldered between Ky 
and Ks. The termi- 
nals of this LED 
should be bent by 90°. 

If audio connec- 
tors are notused, the 
CV and gate take- 
off, as well as the 
ground connection, 
are at Kj. Diode Ds 
must be fitted next 
to Ry. The relevant 
part of the board not 
used may then be cut 
offalong the dashed 
lineto make the board 
smaller and more 
suitable for fitting into 
an existing equip- 
ment. 

Note that Ko has 
two additional sol- 
dering points to en- 
able the use of stereo 
connectors for both 
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CV and gate. 
Test 


Do not yet plug in the ICs and switch on the 
mains. Check that the +5 V (45%) and +7.5 V 
(410%) supplies are present. [f not,ashort-cir- 
cuit, a defect capacitor, or one that is connected 
with incorrect polarity, may be the cause. 

Switch off the mains and insert all ICs 
into their sockets. Switch on the mains and 
check that the 3 V (420%) supply is present. 
Also, when the mains is switched on, Ds or 
D5 should light briefly to indicate that the 
reset routine is effected. If il does not, there 
isa short-circuit, defect component, or the LED 
has been connected with incorrect polarity. 

Set the DIP switch to the required MIDI 
channel as shown in Fig, 3 and connect a 
suitable MIDI sender to the MIDI-IN socket 
onthe interface board, When the sender trans- 
mits on the selected channel, diode Ds or Ds’, 
as the case may be, should light when an 
note-on instruction activates the gate signal. 
When the relevant key is released, and a note- 
off command is thus given, the LED should 
go out. 

Next, press the reference key, which is 
normally Cy (MIDI code 36), and check that 
the control voltage is QV. If itis not, jot down 
the difference. Then, press a key five octaves 
higher (C3) and adjust P) until the control volt- 
age Is exactly 5.000 V (or 4.000 V if a four-oe- 
tave keyboard is used) plus or minus the dif- 
ference noted before, 

If the circuit does not operate satisfacto- 
rilyand noapparent faultcan be found, check 
whether there is a 12 MHz signal at pins 18 
and 19 of the microprocessor (showing that 
the internal oscillator functions) and whether 
at reset pin 9 the level briefly becomes +5 V 
and then drops back to zero when the mains 
is switched on. Also, check the board for 
short-circuits or breaks of the tracks, whether 
all ICs have been inserted properly into their 
sockets, and whether the FPROM is of the cor- 
rect type. 


Switched trigger modification 


Some synthesizers do not operate with a gate 
signal but with a switched trigger. The wave- 
form generator in these is notstarted by a volt- 
age pulse but by a switched contact. To con- 
trol such synthesizers via the present inter- 
face, an additional 10 kQ resistor and a gen- 
eral-purpose n-p-n transistor should be con- 
nected as shown in Fig. 4. 


C) Bs - trigger 
from 
P36 DO | = 10k | 


(¥ \ac 
Uh, /547 
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Fig. 4. Extension circuit for working with switched 
trigger equipment. 


Reference: The 8031/8731 microcontroller 
Elektor Electronics — July 1990, p. 36. a 
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RADIO DATA SYSTEM (RDS) 


DECODER 


Since our first publication on RDS almost two years ago, the system 
has met with rapid acceptance by European radio broadcasters. At 
the time of writing this follow-up article, the experimental status of 

RDS on which we reported earlier is nearly ended, and there are 
currently car radios as well as FM tuners that can be bought with an 

RDS decoder as a built-in feature. For all of you who have a perfectly 
working FM radio without an RDS demodulator/decoder we present 


R:D'S 


RADIO DATA SYSTEM 


When we first published an article (Ref. 1) on 
the main features and the technical back- 
ground of the Radio Data System (RDS), we 
added a circuit of an RDS demodulator to 
help interested readers on the way to desig- 
ning a stand-alone decoder. As explained, 
the demodulator, based on the SAA7579T 
from Philips Components, is to sit between 
the FM tuner and a microprocessor system. 
Its function is to extract the RDS data from 
the received signal, and supply a number of 
digital signals for use by a decoder. The 
decoder was not described at the time, and 
various readers have made suggestions for 
the design of such a unit. 

In this article we will recapitulate some of 


LCD read-out. 


Dr. Ing. M. Ohsmann 


the basic information on RDS contained in 
Ref. 1, repeat the circuit of the SAA7379T-ba- 
sed RDS demodulator, and propose a micro- 
processor-controlled decoder that supports 
the main functions of the RDS system. 


RDS features supported 


If you are interested in a full technical back- 
ground to RDS, and a complete description 
of all the features offered by this system, 
there is only one thing to do: order a copy of 
the relevant EBU specification, Technical 
Document 3244-E (Ref. 2). You will find this 
document invaluable while experimenting 
with RDS reception and decoding, since it 
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two add-on circuits, an RDS demodulator and an RDS decoder, that 
implement the main features of this new service with the aid of an 


contains a full explanation of the modula- 
tion, signal encoding, and all code structures 
used, 

The structure of the RDS system allows 
so-called features to be added or omitted de- 
pending on the RDS Group Type defined by 
the EBU (see Table 2 in Ref. 1). Since the ex- 
perimental status of the system has been 
abandoned in many European countries, the 
list of features has grown to quite a length. 
However, radio station operators are, in 
principle, free to make a selection of the fea- 
tures they wish to implement. Hence, whe- 
ther or not a certain RDS feature is 
implemented or not depends on the country, 
the region, and even the radio station you are 
tuned to. Fortunately, there seems to be a 
consensus as far as a set of basic features is 
concerned. In fact, the EBU makes a distinc- 
tion between three classes of RDS features: 
primary, secondary and additional. The pre- 
sent decoder supports three of the four pri- 
mary features (PF), and two secondary 
features (SF). The function of cach of these 
features is discussed below. 


PI: Programme Identification (PF) 

This code allows the receiver to distinguish 
between countries or areas in which the 
same programme is transmitted, and the 
identification of the programme itself. The PI 
code is not normally displayed, and func- 
tions in conjunction with an Alternative Fre- 
quency (AF; also a primary feature) list, 
stored in the RDS decoder. The AF list en- 
ables the receiver to be retuned automat- 
ically for best reception of a particular 
programme. 


PS: Programme Service name (PF) 

The PS code contains a text consisting of a 
maximum of ten alphanumeric characters 
that form the station name or a meaningful 
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Spectrum of the baseband transmitted by a VHF FM broadcast transmitter modu- 


lated with a stereo multiplex signal plus associated pilot tone, and the RDS datastream. 


abbreviation of it. The characters are defined 
by the ISO-646 standard, and correspond to 
ASCII codes as far as letters and numbers are 
* concerned. The PS indication is particularly 
useful for domestic receivers, since the VHF 
FM band in many areas is so crowded these 
days that it is almost impossible to find a par- 
ticular station quickly just by listening. 


TP/TA: Traffic Programme / Traffic An- 
nouncement (PF) 

These are essentially on/off codes that indi- 
cate whether a particular transmitter carries 
traffic information or not. The signal may be 
used for turning a cassette or compact disc 
player in the car, or a signalling device, on 
and off. Alternatively, TP/TA information 
may be used in conjunction with an auto- 
| matic station search function in a radio. 


PTY: Programme Type (SF) 

A total of 31 codes is available to indicate the 
programme type. Examples are 00001 for 
News, 00100 for Sports, and 01110 for Folk 
| Music. 


RT: Radiotext (SF) 
This code accommodates a 64-character text 
string which may be programmed freely by 
broadcasters. It often contains supplemental 
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data on the current programme, music titles, 
announcements, and the like. In some cases, 
RT is also used for traffic announcements. 


=— 
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to the baseband transmitted by the VHF FM 
station. In most cases, the baseband will al- 
ready contain the stereo difference signals 
L-R and L+R, plus the associated pilot tone 
at 19 kHz. 

The RDS system uses a subcarrier fre- 
quency at 57 kHz, which is locked either in 
phase or in quadrature phase to the third 
harmonic of the 19 kHz pilot tone. The resul- 
ting baseband spectrum is shown in Fig. 1. 
Interestingly, in Germany, the 57-kHz sub- 
carrier is not completely suppressed since it 
is also used for the ARI (Autofahrer Rund- 
funk Informationen, or motorists’ broadcast 
information). 

The RDS subcarrier is suppressed and 
amplitude-modulated by the bi-phase coded 
RDS datastream. The formal classification of 
this modulation system is ‘double-sideband 
with suppressed carrier’, or DSSC. However, 
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RDS on the air 


The RDS datastream generated by the broad- 
caster is modulated on to a subcarrier added 
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Structural analysis of the RDS data format (illustration reproduced by courtesy of 


since a bi-phase coded modulation signal is 
used, the qualification ‘two-phase phase- 
shift keying’ (PSK) may also be applied, bea- 
ring in mind that the phase deviation is 90°, 
The bandwidth of the RDS sidebands in the 
baseband spectrum is roughly equal to the 
databit rate of 1187.5 per second, 


RDS: basic structure 


RDS data consists of 16-bit words, accompa- 
nied by a 10-bit checkword for synchroniza- 
tion purposes. The two are referred to as an 
RDS block. As shown in Fig. 2, the MSB 
(most significant bit) of the dataword is al- 
ways transmitted first. Four RDS blocks 
together form an RDS group. Since all data is 
transmitted continuously without gaps be- 
tween blocks or groups, the group trans- 
mission time is 87.5 ms. 

The 10-bit checkword with every data- 
word is a so-called CRC (cyclic redundancy 
check) that ensures high reliability of the 
RDS even under adverse reception condi- 
tions. Like the dataword, the CRC is trans- 
mitted MSB-first. 

The status of each RDS group is marked 
by the first five bits (MSBs 15 through 11) in 
block 2. The first four bits, 15 through 12, in- 
dicate the group number, the fifth bit the 
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N1...N6 =1C4 = 4050 


Fig. 3. 


group type, A or B. All group types contain 
two of the previously mentioned primary 
RDS features, PI and TP, and one secondary 
feature, PTY. This means that these RDS co- 
des have the highest repeat rate. The other 
codes used by the present decoder are con- 
tained in the fourth block. The third block 
contains either the PI data (group type B), or 
the alternative frequency (AF) list (which is 
not used by the control program of the deco- 
der described here). 


An RDS demodulator 


The circuit diagram of the SAF5779T-based 
RDS demodulator is shown in Fig. 3. The 
baseband signal supplied by the FM tuner is 
amplified by transistor Ti and subsequently 
filtered in a three-section 57-kHz band-pass 
filter. The filter consists of fixed inductors L1, 
L2 and 1.3, and trimmer capacitors C2, C7 and 
Cio, each with a parallel capacitor to ensure 
the correct tuning range. The gain of the 
transistor amplifier can be set with the aid of 
preset I’), as required for the output level of 
your FM tuner. The filtered 57-kHz signal is 
buffered by emitter follower T2, whose d.c. 
operating point is defined by voltage divider 
Re-R7. Next, opamp ICi amplifies and di- 
gitizes the 57-kHz signals. 

The actual demodulation of the two 57- 
kHz sidebands takes place in ICI, a 
SAA7579T or SAF7579 from Philips Compo- 
nents. Since the operation of this IC has been 
covered extensively in Ref. 1, a summary is 
appropriate here. It should be noted that the 
SAA7579T is now obsolescent, and will be 
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Circuit diagram of the SAF7595T-based Radio Data System decoder. 


2H, 


superseded by the SAF7979T, which has ba- 
sically the same characteristics. Both ICs 
work all right in the demodulator. 

The internal diagram of the SAF7579T is 
given in Fig. 4. The digitized 57-kHz signal 
supplied by the previously discussed ampli- 
fier/ filter circuit is applied to a Costas-loop 
which includes a 4.332 MHz oscillator. The 
loop circuit recovers the modulation signal 
from the sidebands, and regenerates the 37- 
kHz carrier, which is divided internally to 
obtain the 1187.5-Hz clock signal, RDCL 
(output pin 9). The actual demodulation of 


La 


4.332MHz 


output signal selector 


RES 73 72 =O 


the RDS signals is based on a bi-phase sym- 
bol decoder and a phase difference decoder. 
Chip output pin 10 supplies the RDDA (RDS 
data) signal, which is synchronous with 
RDCL. Relative to the clock, data are valid 
for 417 us after a clock transition, irrespecti- 
ve whether referenced against the positive or 
the negative pulse transition. This forces 
data changes, i.e., the toggling of RDDA, to 
take place 4 Us before a clock transition, 

A third signal, QUAL, is used to indicate 
that the received signal contains valid RDS 
data, ie., its reception quality is good 
enough for the decoder to recognize data 
and sync. 

The last point to note here is the frequen- 
cv of the quartz crystal. Unfortunately, this 
frequency has caused confusion with some 
constructors of the demodulator because it 
looks very much like the familiar PAL colour 
frequency, 4.433 MH~s. The required quartz 
crystal frequency is, however, 4.332 MHz; 
the demodulator does not work properly 
with a PAL. colour crystal. 


The decoder: a 80C32 
single-board computer 


The RDS decoder proposed here is a basi- 
cally a single-board computer (SBC) based 
on the 80C32 microcontroller. The function 
of the decoder is to translate the information 
received from the RDS demodulator into 
characters on a liquid-crystal display (LCD). 
The SBC used here is not purposely designed 
to function as an RDS decoder; it is the 
EPROM-based control software only that 
implements this particular application. The 
hardware of the SBC is a fairly ‘open’ design, 
and may be used for other applications that 
require some form of intelligence in the form 
of a microcontroller running an application 
program from EPROM. 

The heart of the SBC is formed by the 
80C32 single-chip microcontroller in a con- 
ventional application circuit. The lower ad- 
dress byte is decoded with the aid of a latch, 
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Block diagram of the SAF7595T (courtesy Philips Components}. 
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IC3, under the control of the address latch 
enable (ALE) pulse, The control program is 
contained in an EPROM, ICa. Data is placed 
on the databus under the control of proces- 
sor signal PSEN. The power-on reset signal 
required for the 80C32 is supplied by Ci-Ra. 

The LCD is connected to the databus via 
a box header, K3. Data for the display is co- 
pied from the databus with the aid of a latch 
signal supplied by NAND gate [C1b, which 


Fig. 6. 
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Circuit diagram of the 80C32-based controller board. 


combines the RD and WR signals of the 
80C32. The two least-significant address li- 
nes, AO and Aj, are also fed to the LCD. AQ 
serves to reset the LCD, while Al acts as a 
read/write (R/W) control line. Preset Pi 
enables the contrast of the LCD to be adjus- 
ted. 

The TTL-level RDCL, RDDA and QUAL 
signals from the demodulator are applied to 
the 80C32 via connector Ki. The clock signal, 
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Connection of the controls to header K2 on the processor board. 


RDCL, causes interrupt requests via the 
INTO input of the 80C32. These interrupts 
enable the microprocessor to load RDS data 
(RDDA) via the T1 line. The QUAL signal 
controls a LED, and is applied to input TO of 
the 80C32 for quality checking purposes, 

The ‘minimum’ user interface of the de- 
coder is shown in Fig. 6. All the controls are 
connected to the CPU via K2 and port I'l, 
Although port lines P1.0, Pl. and P1.2 are 
buffered, they are not used by the RDS deco- 
der software. They are, however, at the pro- 
grammer’s disposal when the SBC is used 
for another application. 

Finally, the SBC has its own, on-board, 5- 
V power supply that allows the circuit to be 
powered from the car battery. 


What’s on? 


When the decoder is switched on, or after a 
reset, the LCD briefly shows an ‘OK’ mess- 
age. Next, the control program will attempt 
to decode the signal supplied by the RDS de- 
modulator. If the RDS signal is present and 
good enough, the programme identification, 
PL, is displayed in hexadecimal notation in 
the left-hand four character positions of the 
LCD text line (see Fig. 7). Then follow a colon 
(:) and the 2-character PTY (programme 
type) code, also in hexadecimal. The next 
character is either a + or a ~ (TP code}, de- 
pending on whether the received station car- 
ries traffic information or not. When an 
traffic announcement is broadcast (TA=1), 
the colon changes into a solid rectangle. The 
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last eight character positions on the LCD are 
reserved for the PS (programme service) in- 
dication. 

In addition to the above 16 characters, the 
display stores another 64. These positions 
are reserved for the RT (radiotext) function. 
Switch S1 allows you to shift the 16-character 
wide window, so that the radiotext (if trans- 
mitted) appears on the LCD. The other two 
switches, $2 and $3, serve to clear the display 
and to reset the decoder respectively. 

A special test mode may be entered by 
keeping S2 pressed during a reset. The con- 
trol program then measures and displays the 
number of errors that occur in the demodu- 
lated RDS datastream during an interval co- 
vering 1,000 pulse transitions. The test mode 
is particularly uscful for the alignment of the 
demodulator. 


Construction 


The construction of the demodulator board 
(Fig. 8) and the decoder board (Fig. 9) is 
straightforward, and merits almost no de- 
tailing, with the possible exception of the 
mounting of the SAA7579T (or SAF7579), 
which is a surface-mount (SMA) chip. Not to 
worry, though: if you use a low-power 
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Fig. 7. Positions reserved for the RDS data that appears on the LC display. 


solder bit with a fine tip, and solder quickly 
and carefully, you will have no trouble what- 
soever dealing with this tiny, yet essential, 
component. Inductors Lt, L2 and L3 are 
radial types from the 181LY series from the 
Japanese manufacturer Toko Inc. 

The completed boards must be screened 
since they radiate pulses that could cause in- 
terference in the FM tuner. The prototypes 
were mounted in RF-tight enclosures cut 
and bent to size from tin plate. The demodu- 
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Track layout and component mounting plan of the demodulator board. 


lator input of the decoder, the connection for 
the controls (K2) and that for the display (Ka) 
are preferably made with sub-D sockets and 
plugs. 


Adjustment 


The adjustment of the RDS decoder is 
limited to the demodulator board. Tune toa 
station that transmits RDS, and adjust P1 
until the opamp, ICL, supplies a signal with 
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an amplitude of 10 Vpp. Next, peak the three 
trimmers on the demodulator board for the 
highest possible amplitude of the signal 
measured at the emitter of T2. Do not connect 
the demodulator and the controls cable to 
the decoder board as yet. 

Connect a small loudspeaker to pins 16 
and 2 of connector K2 of the completed deco- 
der board. Power up the decoder board. The 
loudspeaker should produce a short series of 
notes. If not, the decoder does not work, and 
you are faced with a construction error that 
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Track layout and component mounting plan of the processor board. 


must be traced and eliminated before pro- 
ceeding. 

Connect the cables for the display and the 
controls to the SBC, and set P1 to the centre 
of its travel. The 470 Q resistor between pin 3 
of K2 and ground pulls the P1.1 line of the 
80C32 low, and causes the microcontroller to 
enter the RDS decoder program instead of 
the ‘music generator’ program. After apply- 
ing power, all pixels on the top line of the 
LCDare black. Slowly turn P11 clockwise, and 
press the reset key, until you see the ‘OK’ in- 
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dication. 


Switch off the decoder board, and con- 
nect it to the demodulator via a 10-way flat- 
cable with IDC sockets at both ends, Connect 
the input of the demodulator to a suitable 
point in the FM tuner. Apply power to the 
demodulator and the decoder, The ‘OK’ 
message should appear briefly before the 
display shows the RDS information. The 
QLAL LED goes out when the reception 
quality is adequate. a 
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1. “Radio data system (RDS) demodulator", 
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2. “Specifications of the radio data system 
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the order form in the EBU Catalogue of Pub- 
lications, available from the documentation 
department of the European Broadcasting 
Union * Ancienne Route 17A * Case Post- 
ale 67 * CH-1218 Grand Saconnex (GE) * 
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Dear Sir—I have noticed that most photo- 
copiers produce a blacker image on paper 
than on acetate film (even the proper stuff). 
[toecurred to me that ita black enough image 
could be phtocopied on to thin paper. ¢.g.. 
60 ¢/m-2computer listing paper, and the paper 
then transparantized with suitable purpose- 
designed spray ([SO-draft) or anything that 
will make the paper see-through. an adequate 
positive image could be obtained. | found 
that spray suicon grease/lubricant worked 
really well. The use of thin paper helps to 
overcome the parallax errors mentioned in 
the recent article (Make your own PCBs” 
Elektor Electronics, Sept. 1990, p, 30). A bit 
of experimentation with mes is needed, but 
as an example. a PCB for the “Feedback 
killer” (E¥ektor Electronics, Febr. 1990) was 
produced first time without a single bad 
track. ] claim no originality for this method: 
something similar was published in the May 
1986 issue of Alektor Electronics. 

Gareth Evans, South Croydon, 
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Dear Sir—f'm considering installing a satel- 
lite system in my home, but wish to install 
the receiver in the loft to kcep cable losses 
down, avoid visibile thick black cables 
everywhere and make it casier to distribute 
the signal to all TVs in the house. That isn’t 
a problem in itself. but does mean forgoing 
stereo sound, as the remodulated signal pro- 
vided will only have the usual mono FM 
sound carrier, Since there is now a terrestrial 
stereo sound transmission standard, the log- 
ical solution would be to add a NICAM sub- 
carrier to the remodulated signal, so that 
NICAM-equipped VCRs can record it and 
viewers can revel in Dolby Surround-encod- 
ed films, 

There aren't any encoding chips that ['m 
aware of and trying to achieve the same end 
with diserete logic would give the most tal- 
ented digital design engineer nightmares. 
But some digital signal processors are well 
suited to the job. Analog Devices have been 
making a@ tuss about a recent addition, the 
ADSP-2 105, claiming itis similar in price to 
the more sophisticated microcontrollers. A 
quick perusal of the data and a few quick cal- 
culations show that tt could manage the task 
using less than halfits throughput. Since I'm 
a software engineer, writing the DSP codes 
poses no problems. Llowever, | have abso- 
lutely no idea when it comes to RF electron- 
ics and | doubt that reading The Art of 
Electronics will solve that! 

{f you decide the project is not suitable for 
publication. perhaps one (or more) of your 
readers would be interested enough to help 
with the RF and A-D work. 

Paul Chambers, Reading 


We are Giterested in such a project, but. 
owie to the many other conumitments of our 
design laboratory, cannot start it till well 
into the second half of this vear. Interested 
readers, please write. fEd| 
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to electronics, in the coupon on this page: it 
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Elektor Electronics (Publishing! can not 
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Lasimestarintie. 12310 Ryttyla, Finland. 
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FOR SALE. Crimson pre- and power-ampli- 


fiers, 100 W, mono blocks AR77, turntable 
Sansui cassette deck. Phone T. Fisher on 
(0703) 474 396. 


WANTED. ZNA234, UAA3000 IC. Would 
also like pen friendship on electronics. 
Masood Nazarzadh, P O Box 51335 - 4575. 
Tabriz, Iran. 


SIEMENS 20 MHz luggable process pro- 
gramming panel & 100U industrial controller, 
£1800. Phone J. Budden on (093 586) 2433. 


FOR SALE. Surplus electronic components. 
Send sae for list to Alan Auden, 206 Ellerdine 
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SMD components, MOSFETs. Mr. J.D. 
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HELP. Any data on Philips MAB 8461 PW 
135/187 ttcomputer chips. Write to Phil 
Collins, 177 Cathedral Road, Pontcanna, 
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FOR SALE. Basic Flektor Electronics com- 
puter Meek-it complete kit as received. 
Offers. Call Gordon on 081 303 0396. 


WANTED. ROM for Thornton Compas ZD 
drawing package for use on BBC B. All costs 
paid. Mr. E. Dinning, 55 Bryans Leap, 
Burnopfield NE16 6BP. 


FOR SALE. 15 assorted teletext modules for 
Sony (OPK 115) and Bang &Olufsen. £50 the 
lot. Phone Des on 081 546 1827. 
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AIM65 micro and Tek 5111A scope. Mr. G. 
McKenzie, 24 Lithos Road. London NW3 
6EF. 
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Dro twich fime standard = =900°10 Not avaiable 
Millionmmelter $10004 5.00 075 
Phrase check for 900114-1;2 800 120 


aud: systems 
PC-cantrolled Video- 
text decoder {1} 

Signal suppresso: for 
all-Sold staie praamp 
‘Batn full’ indicator 
Wideband UHF amplitie- 
C64 A DD-A card 


See aavert on pp, 6-7 


904024 3.75 0,56 
904062 Not available 
904079 Not avaiable 
904066 Not availaple 


AJaio pul selector 304099 625 0.94 
Search time monitor 904052 4.00 0.60 
Logic tester 904089 Not available 


JANUARY 1991 

Logic analyser (7) 
Busboard 

PC controlled ¥ aeo 

tex! decade: {2} 


900094-4 1.35 


9.00 


See advert on pp. 68-69 


SWA metor 900019 300 O45 
FEBRUARY 1991 
Logic analyser (2) 

- HAM board g900084-2 15.75 2.36 

Prope board 800094-3 4.25 0.64 


900124-1 2400 360 


Multifunction measure 
ment card tor PCs 
MIDI-to-C¥ interface 
RDS decoder: 
demadulator board 
> processor boar 


Doepfer Elektronik 


490209 4.50 0.68 
900060 6.50 0.98 
alor 906060 Not availabe 


UIDE To ELECTRONIC COMPONENTS. 


Wes i if ORMANCES! DAILY 
© {Mtgpur local branch hi 

=f of WHSMITH 
ONLY £9.45 


